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from mind to matter. 
With Megatek. — 


Imagine a computer-aided the designer to communicate 
graphics system that interfaces directly directly with the computer is a 
to the mind's eye, that takes a Megatek vector refresh terminal. a 
designer's visual perception of his Dr. Patrick Hanratty, MCS president, display of confid 
design and does everything but weld tells why. “Customers for our software pack- 
it together. “Megatek’s refresh display is an age can select any graphics terminal 
Manufacturing and Consulting extremely powerful tool for visualizing, they want. A large percentage choose 
Services, Inc. has done it with their manipulating, experimenting and Megatek. Price/performance is the 
AD-2000 software package... CAD/ altering design parameters. reason why. If | were going to put down 
CAM software that does it all—from “Megatek systems interface dollars for a production refresh ter- 


minal, |‘d put my money on Megatek:’ 
For details call or write Megatek 

Corporation, 3931 Sorrento Valley 

Dr. Hanratty summarized his Boulevard, San Diego, California 92121. 


with this graphic 
ence: 


design to fully annotated drawings easily to a broad range of computers 
to complete numerical control tapes. and enhance the engineer's feeling 

Itcan evencalculate and assemble a bill of direct interaction with his design: 
of materials for an entire project. 


The visual interface that enables enthusiasm for Megatek (714) 455-5590. 


MEGATEK) WHIZZia 
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New from Kennedy 


Model 6809 Data Streamer” 


Kennedy does it again. Data Streamer is ideal for known for. Additionally, Model 6809 is much less expensive 
Winchester disk drive backup where fast starting and stop- than traditional tape transport/formatter combinations. It's 
ping is not required. Designed to emulate the performance the ideal answer for large capacity disk drive backup. 


of the IBM 8809, Data Streamer has a wide range of 


features: KENNEDY 


* Tape drive includes built-in industry standard formatter— Subsidiary, Magnetics & Electronics Inc. 
it's a compact package. 1600 Shamrock Ave., Monrovia, CA. 91016 
* Contains only four moving parts—hence a much higher (213) 357-8831 TWX 910-585-3249 


MTBF than normal tape drives. 

* Streams (read/writes) at 100 ips or, in start/stop mode, 
12.5 ips. 

* Data Streamer can be mounted in three ways—vertically 
in rack, horizontally in drawer or horizontally in a low boy 
console. 


Model 6809 has been designed and built with all the 
innovative features and reliability that Kennedy products are 


KENNEDY « QUALITY * 
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It Pays To Have 
The New Mannesmann Tally T-3000. 


New features from 
the leader in 
‘matrix line printers. 


New capabilities. Expanded versatility. 
The Tally 300 line per minute printer 
takes advantage of the inherent flexibility 
of matrix line printing to give you more 
value. Now you can beat the band with 
host defined downstream font selection 
and change character styles midstream. 
No lost time, downtime, or messing 
around to change fonts. Plus, you can 
now print double high characters for 
highlighting text. Or, for those occasions 
when extra special print quality is called 
for, anew multi-pass model makes a 
double pass to enhance character 
appearance. 

And now you can move the printer 
from the computer room and locate 
itwhere the information is used. A 
new Asynchronous Communications 
Adapter gives you 300 line per minute 
on-line remote printing. 

Plus, look at the standard features of 
every T-3000. Quiet operation. Easy, 
front access, straight path paper loading. 
A reel to reel, prethreaded ribbon system 
for quick and clean ribbon changing. A 
time saving diagnostic status display 
that reduces service calls. It tells if a fault 
condition is operator correctable. Ifa 
service Call is needed, it tells the 
service man what's wrong. 

Dependable and durable, the T-3000 
never requires preventive maintenance. 
Never needs adjustment. Character 
formation and line registration never 
waver. The T-3000. High reliability. 
Patented flexure technology. 

There's more to tell so contact your 
nearest Mannesmann Tally Sales outlet. 

Mannesmann Tally, 8301 South 180th 
Street, Kent, WA 98031. Phone 
(206) 251-5524. 


Printers for the long run. 


MANNESMANN 
TALLY 
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Large scale data processing system, structured in 
a multilevel function concept, offers high system 
productivity because workload is shared among 
largely autonomous processors 


DIGITAL CONTROL AND 
AUTOMATION SYSTEMS 


Minicomputer locates and tracks finished pro- 
ducts from assembly line to shipping department 


TECH BRIEFS 


MICRO DATA STACK/COMPUTERS, 
ELEMENTS, AND SYSTEMS 


Using high level languages with microprocessors 
involves considerations different from those of 
larger computers, but many advantages overcome 
the few burdens 


AROUND THE IC LOOP 


Loss of data in the event of a power outage can be 
prevented by replacing CMOS devices with non- 
volatile logic devices produced using an MNOS 
process 
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ADVANCES IN INTERACTIVE GRAPHICS 

SYSTEMS ARCHITECTURE 147 

by Walter M. Anderson 

Spurred by advances in electronics technology, interactive graphics 
system designs evolved through several generations before returning to 
an early, established architecture that has finally become cost effective 
for widespread use 


LSI DEVICES SUPPORT BUBBLE MEMORY SYSTEM DESIGN 159 
by Sam Joseph Nicolino, Jr 

Family of LSI support devices aids in design of customized bubble 
memory systems by handling all of the interfacing details and timing 
sequences required when connecting up to 8M bits of bubble memory to 
a single controller 


MAKING PL/M PROGRAMS MORE UNDERSTANDABLE 169 

by Douglas L. Abbott 

Self-documentation in PL/M programs can be extended through use of 
compiler directives to make program statements more similar to an 
English language description of their primary function. The same tech- 
nique also allows simple extensions of the language 


MASK AND MENU FILE SYSTEM 
EASES OPERATOR HANDLING 178 


by K. Buchmann 

Microprocessor based file system offers fast, convenient access to 
stored data through masks and menus that assist operators without im- 
pacting throughput 
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MULTIBUS 
compatible data 
acquisition 

and control systems. 


The ADAC 700 Series of data acquisition systems plug directly into 
the MULTIBUS of single board computers from Intel and National. The 
710 Series is the first low level analog to digital system available that 
includes such unique features as the capability to withstand common 
mode voltages of up to 250V while digitizing low level outputs from 
bridges, thermocouples and other low level transducers. A software 
programmable gain amplifier with optional cold junction compensation 
circuit can be programmed on a channel to channel basis. The low 
level analog to digital card and low level multiplexer expander card 
can be supplied with either 8 or 16 differential inputs per card. Resolu- 
tion is 12 bits. 

The 735 A/D high level analog to digital series is supplied with 
16 to 64 single ended or pseudo differential inputs. It also is jumper 
selectable for 8, 16, or 32 differential analog inputs. The inputs can be 
either voltage or current loop. The 735 A/D features a 12 bit high speed 
analog to digital converter with throughput rates of 35 KHz basic and 
100 KHz optional. The series include bus interfacing with a software 
selection of program control/program interrupt and a jumper selection 
of memory mapped 1/O or isolated I/O. Up to 2 channels of 12 bit digital 
to analog converters can be supplied. 

The extensive series of MULTIBUS compatible analog |/O boards 
is further complemented by the 735 DAC Series. They are supplied 
with up to 4 channels of 12 bit digital to analog converters, MULTIBUS 
interfacing, 2 scope/recorder pen control circuits, 8 discrete digital 
outputs with 8 high current sinks, 8 discrete digital inputs, and memory 
mapped or isolated |/O interfacing. Optionally available are third wire 
sense for ground noise rejection and 4 to 20 ma Current loop outputs. 
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Get more from your LSI-11 and 
PDP-11 by putting less into it! It’s 
possible, with Dataram’s dual-density 
DEC®-compatible tape controllers that 
offer an amazingly efficient packaging 
approach. 


For NRZI operation (LSI-I1 or 
PDP-11), a single quad board from 
Dataram is all that’s needed. For phase 
encoded mode, the simple addition of 


2 DUALS 
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1 QUAD 


LSI-11 
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the dual-size PE board, anywhere in 
the LSI-I1 or PDP-11 backplane, 
makes it possible. Packaging flexibility 
that allows you to optimize your DEC 
configuration. 


Dataram’s T03/T04/1T34 family, 
summarized in the chart below, offers 
the widest array of DEC-compatible 
tape controllers available today. 


1 QUAD 
and 1 DUAL 


1 QUAD 
and 1 DUAL 
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The 104/134 controllers, utilizing an 
integral 16-bit bipolar microprocessor, 
provide speed capability to handle up 
to 1600 BPI at 12Sips. And they 
require only +5.0VDC. 


Less power. Less space. Less cost. 
That’s a lot of less...and it adds up to 
more performance for your DEC-based 
system. From Dataram. 


DEC, LSI-11, and PDP are registered trademarks 
of Digital Equipment Corporation. 


Princeton Road 
Cranbury, New Jersey 08512 
Tel: 609-799-0071 TWX: 510-685-2542 


tO achieve 


ina 
low profile 
socket 


You know the secret of gas tight reliability in a low 
profile DIP socket. It is the “squeeze” or force the 
contact exerts on your IC lead. RN single leaf high 
compression contacts exert a “normal force”” that is 
4 to 5 times greater than conventional dual leaf con- 
tacts. Result? RN low profile ICL series sockets are 
MIL-SPEC qualified (MIL-S-83734) to meet the 
toughest gas tight performance standards in the world. 


You can’t buy a more gas tight low profile socket — 
anywhere! And, our prices compare very favorably 
with any comparable socket. 


* NORMAL FORCE means force at right angles to the IC lead. 


MIL-S-83734 Environmental Test Data for ICL Series DIP Sockets 


Results 
Ro=7.0mQ average 


Procedure 


MIL-S-83734 
Paragraph 4.7.15 


MIL-S-83734 
Paragraph 4.7.16 
10-25 ppm (NHa4)2S, 
4 hours 
MIL-S-83734 
Paragraph 4.7.14 
MIL-S-83734 
Paragraph 4.7.13 
MIL-S-83734 
Paragraph 4.7.11 
MIL-S-83734 
Paragraph 4.7.1 
MIL-S-83734 


Paragraph 4.7.12 
After 50 Cycles 


Initial Contact 
Resistance 


Corrosive 
Atmosphere 


Ro=8.5mn average 


Moisture 
Resistance 


Thermal Shock 


R= 10" 


No Damage 


Mechanical No Discontinuity 


Shock 
Vibration 


No Failures 
Ro=7.0mo average (final) 


Ro=7.8mn average 


Socket 
Durability 


WRITE FOR COMPLETE DETAILS and latest RN catalog with 


full specs, dimensions and material data. 


Name 


Send me full details on your gas tight low profile ICL series sockets right away. ren New Albany, IN. 47150 


GAS TIGHT RELIABILITY 


RN single leaf high compression contact provides maximum 
pressure against your IC lead. 


Contact available in phosphor bronze, 
beryllium copper, with tin or selective 
gold plating. 


High compression contact design pro- 
vides longer spring length for maximum 
pressure against IC lead. 


“Side-wipe” design meets flat, smooth 
side of IC lead for perfect contact. 


Self-lock lead holds socket firmly during 
wave soldering and prevents solder 
wicking. 


Superior 
contact design 


800 E. Eighth St. 


Title 


Company 


Address 


Phone 


City State 


Zip 


My possible application is 


1 Please send MIL-S-83734 Test Results 


CD-1180 
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Compare our data and time domain logic analyzer 
with the industrys leading data-domain-only unit. 


For complete analysis, the K100-D outperforms H-P's 1610B! 


Before you settle for the Hewlett- 
Packard 1610B data domain ana- 
lyzer, compare it with the general 
purpose Biomation K100-D, our 
fastest-selling logic analyzer ever. 


Compare depth of information. 


A data domain (software) analyzer 
—even a unit as sophisticated as 
the H-P 1610B—simply does not 
give you all the information you 
need for debugging your main- 
frame, mini- and microprocessor- 
based systems. During the critical 
system-integration stage of a 
development cycle, a problem that 
looks like a software failure may 
turn out to be a not-too-obvious 
hardware malfunction. The 
K100-D’s data/timing capability lets 
you analyze software/hardware 
relationships and find the problem, 
wherever it originates. You can 
display up to 16 channels of critical 
timing information about race con- 
ditions and phase relationships 
between signals. 


So vital is this timing information 
to complete problem analysis that 
industry trends indicate logic ana- 
lyzers of the future will have both 
data and timing analysis capabil- 
ities—like the K100-D has today! 


Hewlett-Packard 1610B 
A sophisticated data-domain-only 
logic analyzer 


Compare data domain range. 

The high-speed K100-D gives you 
data domain capability to 70 MHz 
—as compared with the 1610B's 10 
MHz rate—for use with faster 
multiplexed microprocessors, com- 
puters, and ECL bit-slice proces- 
sors. At 12 to 70 MHz, the K100-D 
gives you 16 channels of data dis- 
play, with 1024 words of memory. 


Operating at 0 to 10 MHz, both 
units give you 32 channels of data 
domain information. But the 
K100-D’s memory is 8 times as 
deep as the 1610B's—512 words 
versus 64. The 1610B’s 7 levels of 
triggering exceed the needs of 
most users, and those who do 
need this capability can generally 
get it from their development 


hands down.) To get your free 
copy, just use the reader service 
number or write Gould Inc., 
Instrument Division, 4600 Old 
lronsides Drive, Santa Clara, CA 
95050. For faster response, call 
408-988-6800. 


system. With the K100-D, you don't x: <a 
sacrifice vital timing information gq, @ 
for data domain capabilities you SS 4 20. 
don't need. or oy 
The final analysis. ee Oe 
To help you evaluate your needs oi AVA@ | 
before you buy, we’ve prepared a > Sage “en 
ve Qe *-® 
point-by-point competitive com- eer ees Veh 
parison of the Biomation K100-D _ " rn, Sr Ma 
and the H-P 1610B. (Incidentally, it wom, The 
also shows how the K100-D beats - mak BP >. 
-P’ Ko. AOA 
H-P’s general purpose 1615A oP. Aq 
roa Sah 
rb Ct 
7 ayn Px 
C3 a 
* A os 
a 
Biomation K100-D yw 
The industry’s finest data/timing ve git ¥ 
logic analyzer go™ ai 


VAMING A X20 CLOCK 10 nSEC DELAY 500 CLOCKS 
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K100-D DIGITAL LOGIC ANALYZER 


| Son iM TRGGER (LAY 
~y) KAD ARO. IOERED CLOCKS INPUT A INPUT B 


CHANNELS CK.CQ, F-6 CHANNELS Q2, Q1, 7-0 
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Use our 532 stand-alone. Or with a scope. 


The best way to troubleshoot a microcomputer is with another 


microcomputer. Ours. 

The Paratronics Model 532 looks like a logic state analyzer. 
But it’s more. It’s really a powerful microcomputer programmed 
to perform logic analysis functions. 

With 32 channels, 21 triggering modes, and a deep, high- 
speed trace memory, you can debug systems based on 8-bit or the 
latest breed of 16-bit microprocessors. 

Since the Model 532 is a microcomputer, it’s smart and easy 
to use. For example, you can store your tests in RAM or a set of 
UV PROMS for automatic play back. Our analyzer even 
remembers front panel settings so you don’t have to. 


Operate it from a terminal. 


It’s portable. 


But that’s not all. Software signature analysis on 32 channels 
is a standard feature. Options include RS-232 and IEEE-488 
interfaces, a serial communication test probe, and additional 
program space for defining special functions. 

Our Model 532 will solve your design, production test, and 
servicing problems. Contact us for a no- obligation evaluation 
unit from one of our local sales offices. Or write for our free, 
illustrated booklet, “Check It Again, Sam.” See for yourself how 
our microcomputer can help yours. 

Paratronics Inc., 122 Charcot Ave., 
(408) 263-2252/TWX: 910-338-0201 
Outside California—Call Toll Free: (800) 538-9713 


San Jose, CA 95131 


gp PARATRONICS INC. 


DEBUGGING 


MICROCOMPUTERS? 


lt takes one to know one. 


The Model 532 Logic State 
Analyzer, a full blown 
microcomputer for only $1950.* 
(plus probes and options ) 

*ELS, price only 
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CALENDAR 


DEC 1-4—Internat'l Conf on Pattern 
Recognition, Konover Hotel, Miami Beach, 
Fla. INFORMATION: Harry Hayman, 5th 
Pattern Recognition, PO Box 639, Silver 
Spring, MD 20901. Tel: 301/439-7007 


DEC 1-5—Symposium on Distributed 
Data Acquisition and Control, Miami 
Beach, Fla. INFORMATION: Dr Earl Swartz- 
lander, Jr, TRW R3/2044, One Space Park, 
Redondo Beach, CA 90278 


DEC 2-5—CMG XI (11th Internat'l Conf 
of the Computer Measurement Group), 
Sheraton-Boston Hotel, Boston, Mass. IN- 
FORMATION: Judith G. Abilock, Price 
Waterhouse and Co, Office of Government 
Services, 1801 K St, NW, Washington, DC 
20006. Tel: 202/296-0800 


DEC 4—California Computer Show, 
Hyatt-Palo Alto, Palo Alto, Calif. INFOR- 
MATION: Norm De Nardi, Norm De Nardi 
Enterprises, 95 Main St, Los Altos, CA 
94022. Tel: 415/941-8440 


DEC 8-10—internat'l Electron Devices 
Meeting, Washington Hilton, Washington, 
DC. INFORMATION: Melissa Widerkehr, 
Courtesy Associates, 1629 K_ St, 
Washington, DC 20006. Tel: 202/296-8100 


DEC 10-11—Computer Networking 
Symposium, Gaithersburg, Md. INFOR- 
MATION: Computer Networking, PO Box 
639, Silver Spring, MD 20901. Tel: 
301/439-7007 


JAN 13—Invitational Computer Conf, 
South Coast Plaza Hotel, Costa Mesa, Calif. 
INFORMATION: B. J. Johnson & Assoc, 
2503 Eastbluff Dr, Suite 203, Newport 
Beach, CA 92660. Tel: 714/644-6037 


JAN 13-15—Communication Networks 
Conf and Expo, Albert Thomas Convention 
Ctr, Houston, Tex. INFORMATION: Terri 
Hamilton, The Conference Co, 60 Austin St, 
Newton, MA 02160. Tel: 617/964-4550 


JAN 19-22—ATE Seminar/Exhibit, 
Pasadena Center, Pasadena, Calif. INFOR- 
MATION: Jennifer Garlid, 1050 Com- 
monwealth Ave, Boston, MA 02215. Tel: 
617/232-5470 


FEB 9-12—Internat'l Symposium on In- 
formation Theory, Santa Monica, Calif. 
INFORMATION: Profs Izhak Rubin or Kung 
Yao, System Science Dept, 4531 Boelter 
Hall, U of Southern California, Los Angeles, 
CA 90024. Tel: 231/825-2240 
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FEB 18-20—Internat'l Solid State Cir- 
cuits Conf, Hyatt Hotel, New York, NY. 
INFORMATION: Lewis Winner, 301] 
Almeria Ave, Coral Gables, FL 33134. Tel: 
305/446-8193 


FEB 21-26—Compcon Spring ‘81, Jack 
Tar Hotel, San Francisco, Calif. INFORMA- 
TION: Harry Hayman, PO Box 639, Silver 
Spring, MD 20901. Tel: 301/589-3386 


MAR 16-18—Industrial and Control Ap- 
plications of Microprocessors (IECI), 
Sheraton Hotel, Philadelphia, Pa. INFOR- 
MATION: H. Roy Nagle, Dept of Electrical 
Engineering, Auburn U, Auburn, AL 36830 


MAR 23-25—Office Automation Con- 
ference, Albert Thomas Convention Ctr, 
Houston, Tex. INFORMATION: Carol 
Sturgeon, Office Automation Conference, 
PO Box 9659, Arlington, VA 22209, Tel: 
703/558-3617 


MAR 23-26—5th_ International Con- 
ference on Digital Communications, 
Congress Bldg, International Fair of Genoa, 
Genoa, Italy. INFORMATION: Manager, 
Rome Branch of Administrative Office 5th 
ICDSC, Telespazio SpA, Corso d'Italia 43, 
00198 Rome, Italy 


MAR 24-26—FOC ‘81 East Fiber Optics 
Conference and Exhibition, Hyatt Re- 
gency, Cambridge, Mass. INFORMATION: 
Ellen M. Bond, Information Gatekeepers, 
Inc, 167 Corey Rd, Brookline, MA 02146. 
Tel: 617/739-2022, or Hawley. Russell, 5 
rue Davioud, Paris 75016, France 


DEC 1980-FEB 1981—Data Communica- 
tions for Minicomputer Users, various 
U.S. cities. INFORMATION: Margaret 
Harveston, MICOM Systems, Inc, 9551 Iron- 
dale Ave, Chatsworth, CA 91311. Tel: 
213/882-6890 


DEC—Special Curricula on Data and 
Voice Technology, various dates and loca- 
tions. INFORMATION: Systems Technology 
Forum, Inc, 8991 Cotswold Dr, Burke, VA 
22015. Tel: 703/425-9441 


DEC—Data Communications: Introduc- 
tion to Concepts and Systems; Ad- 
vanced Concepts and Systems; and Ef- 
fective Network Design, various dates 
and sites. INFORMATION: Joe Menendez, 
Datapro Research Corp, Delran, NJ 08075. 
Tel: 609/764-0100 


DEC 2-4—Networking: Design and Im- 
plementation of Computer Com- 
munications Networks, Ramada Inn, 
Lanham Md. INFORMATION: Registrar, 
Digital Equipment Corp Seminar Programs, 
29 Hudson Rd, Sudbury, MA 01776. Tel: 
617/493-2858 


Microprocessor Application Design, 
Various locations and dates. INFORMA- 
TION: Ann Verdi, Advanced Micro Devices, 
Customer Education Center, 490-A Lakeside 
Dr, PO Box 453, Sunnyvale, CA 94086. Tel: 
408/732-2400; outside Calif, 800/ 
538-8450 


SHORT COURSES 


DEC 1980-JAN 1981—Microprocessors: 
A General Introduction; Data Com- 
munications Concepts; and MCZ-2 
Systems, various dates and locations. IN- 
FORMATION: Steve Blank, Zilog, 10340 
Bubb Rd, Cupertino, CA 95014. Tel: 
408/446-4666 


DEC 1-3—Software Design for Data 
Communications Systems; DEC 
8-10—Packet Switching Networks for 


Data Communications; DEC 
2-5—Computer Graphic Systems: 
Designs and Applications; DEC 


15-19—Structured Analysis, Design, 
and Testing of Computer Systems; DEC 
17-19—Design of Digital Control 
Systems, George Washington U, 
Washington, DC. INFORMATION: Director 
Continuing Education Program, George 
Washington U, Washington, DC 20052. Tel: 
202/676-6106 


DEC 9-12—Computerized Robots, Los 
Angeles, Calif. JAN 13-16 and JAN 
20-23—Programming in ADA, The 
Modular Language for Concurrent and 
Real-Time Applications, Los Angeles, 
Calif, and Washington, DC. INFORMA- 
TION: Ruth Dordick, Integrated Computer 
Systems, Inc, 3304 Pico Blvd, PO Box 5339, 
Santa Monica, CA 90405. Tel: 213/ 
450-2060 


JAN 12-15, 1981—Principles and Ap- 
plications of VLSI Technology, Sheraton 
Palace Hotel, San Francisco, Calif. INFOR- 
MATION: Leonard Klein, Palisades Institute, 
201 Varick St, New York, NY 10014. Tel: 
212/620-3377 


Announcements intended for pub- 
lication in this department of 
Computer Design must be re- 
ceived at least two months prior 


to the date of the event. To en- 
sure proper timely coverage of 
-major events, material preferably 
should be received six months in 
advance. 
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Only one company 
can deliver octal interface 
in four weeks. 


Get speedy delivery on Monolithic Memories LS and S 
04/74 buffers, latches, registers & transceivers. 


INSY/7T4LS240. IN54/74L3373 
SNS4¢/74L8241  INS4/7GL3533 
SN54/J4LS244 
me SN54/ 148373 
Monolithic Memories’ pt a tapas eeuae renumbered, part of the 
broad family of octal pose opps? SN54/748533 industry standard, wide- 
interface devices is rolling SN7GS535 ly second-sourced 54/74 
off the lines right now, ibis bis Kk ° family. 
: 2 A $241 
Pah Ne to five thousand SNS4L/TA8244  SNS4/7GLS374 
pieces of each type avail- SNS4/T4LSS34 Now pick from three 
able in four weeks. . .a frac- . i 
Tranaawvet =54/798374 octal transceivers. 


tion of the delivery time 
quoted by other suppliers! 


To our 54/74LS645 
transceiver we’ ve now 
added two brand new 
companions: the 54/ 
74LS245 and the hi- 
drive (48mA) 


SNSY/74L3245  IN74S532 
SNS4/T4LSG4S —SN54/748534 
SNT4LS69S-1  SN74S8S36 
Industry standard and 
multiple sourced. 
Many of these are the same 


enhanced parts developed by Monolithic 
Memories and formerly designated our 
57/67 series. We added such niceties as on- 
board inverters, Schmitt triggers with true 
hysteresis and high-output-current options. 
We put them in our space-saving 20-pin 
SKINNYDIP™ packages. And now they’re 


74LS645-1, allowing you to pick just the right 
transceiver for your application. 

Contact your nearest Monolithic Memories 
franchised distributor or sales representative 
for a complete brochure on our entire octal 
interface family. Monolithic Memories, Inc., 
1165 E. Arques Ave., Sunnyvale, CA 94086. 


TM—SKINNYDIP is a trademark of Monolithic Memories, Inc. 
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Monolithic 


Memories 


Ask the leader in gate arrays, 
International Microcircuits 
Incorporated. 

Gate arrays are now being used for a 
wide variety of LSI applications. If your 
designers want to take advantage of 
gate arrays, here are the questions and 
answers that will help you decide. 


Frank Deverse, President 


Just what is a gate array? 

A gate array is the fastest way to get 
to a unique digital LSI device at low 
cost. We take a pre-designed, 
preprocessed matrix of transistors and 
interconnect them uniquely for each 
customer. The result is a proprietary 
silicon solution to your logic needs. 


Why should I consider gate 
arrays? 

Quick access to LSI, low development 
costs, and the opportunity to leapfrog 


Your design 
want to use 
How do you 


the competition and get your product to 


market faster. Like IBM did with the 4300. 


Are gate arrays just another 
niche product? 

We believe gate arrays are a main- 
stream technology because they solve 
the new set of problems resulting from 
the push toward VLSI. High density 
silicon helps solve the problems of 
reliability, parts count, power dissipation 
and testing. Gate arrays solve the key 
problems of this density: design time 
and talent. They give you economical 
access to the benefits of LSI. The issues 
are universal. The gate array solution 
is very attractive. 


Joe Kroeger, Director of Marketing 


There must be some tradeoffs 
involved. 

Sure. With gate arrays you will con- 
siderably shorten your development 
time and cost—translate a superior 

design into an IC quickly—but you 

may not use your chip space as 


efficiently as with fully custom logic. 
(But ask us again next year; even that 
difference is going away.) Corporately, 
this means that if you need to get your 
product to market quickly in moderate 
volume, you need gate arrays. If you 
have several million units that you have 
to shave every cent of cost from, you 
need custom logic. 


What do the costs look like? 


Since many customers make use of 
common background chips, the bulk of 
the tooling and design costs have 
already been amortized. To get to your 
proprietary circuit takes—ballpark— 
$10K, 7 weeks, and we do the layout. 
I'll give you a firm quote when we see 
your logic problem. 

Who's using gate arrays now? 
You already know about IBM. The 
customers who've been coming to us 
since 1974 are all over the industry, but 
they’re each at the leading edge of their 
business. They’re using gate arrays for 
their leapfrog generation of products. 
And we now see new gate array 
suppliers entering the market in droves. 


Sounds like a booming business. 
Why? 

Three converging forces are making 
gate arrays more widely applicable. As 
standard logic becomes more dense and 
therefore more specialized, volumes are 
declining and part numbers are 
proliferating. Today’s complexity of 
circuits is lengthening standard product 
development times. And gate arrays 


engineer's 


gate arrays. 


decide? 


themselves are far faster and more 

versatile than they were a few years 
ago. We're delivering 2,000 gate-cells 
per chip now, looking at about 4,000 


soon and forecasting nearly 10,000 in’82. 


Three years ago we were offering less 
than 500 gate-cells per chip. 


It’s not a sudden boom. It has been 
building for several years and we have 
done more than 400 circuits during 
that time. 


Orhan Tozun, Director of Engineering 


How do we interface with you? 
-How do we get started? 
Our engineering department talks with 
your designer and evaluates your logic 
to make sure it’s do-able on one of our 
many gate arrays. The next step is a 
firm quote to let you evaluate the 
economics of our solution. That includes 
both development and production 
costs. We can do it because our CAD 


system gives us consistency and our 
years of experience provide projectable 
yield information that lets us cost your 
job accurately in advance. 

Then we send you our logic, 
right? 

Right. We take it through a logic 
restructuring and minimization, block 
out the functions from our CAD library 
and lay out the interconnections 
between logic blocks. Then we check it. 
And re-check it. Only then do we 
commit to fabrication. 


Rick Picard, Director of Operations 
How do we minimize risk with 
gate arrays? 


Let’s look at each of the risk elements 
that apply to any development work, 


and see how vulnerable you are by using 


gate arrays. 


1. Reliability. Gate arrays are no more 
subject to reliability failures than any 


IC; actually, the regularity and repetition 


inherent in gate arrays improves their 
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reliability. We use all the time-tested 
QC technology. Standard processing 
is used throughout. 


2. Functionality. We use CAD to convert 
your logic into silicon. And we have 
only one layer to get right. Everything 
else is proven. We spot any problems 
fast. It will work. 


3. Reliability of supply. Gate array 
technology lets us inventory pre- 
processed, ready-to-be-personalized 
wafers. We keep plenty of wafers on 
hand to support our customers’ orders 
both for development and for 
production. Personalization, packaging 
and test are all performed in-house. 
We can promise 4-6 week delivery for 
production quantities. And costs of 
$.02 a gate or even lower. 


Interested? TWX us! We'll TWX you 
complete information right away. 

Or write us at 3350 Scott Blvd., 
Building #37, Santa Clara, CA 95051. 
Tel. (408) 727-2280. 


TWX: 910-338-2032 
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While they were thinking 
hardware and software, 


S-100 SYSTEMS. From memory boards 
to add-on hard disk. High performance S-100 

busboards. Single, dual and quad-density disk 
systems with up to 1.2 megabytes on a single 

floppy disk drive. I/O boards. All, with . 
the Morrow Designs systems approach §& 
to hardware and software. ie 


COST EFFECTIVE SYSTEMS. pre 
Morrow Designs Discus M26 offers Fen 
26 usable megabytes of memory for hae 
just $4,995. About $192 per mega- 4 
byte. And, it’s a complete system, 

including a Shugart SA4008 
Winchester-type sealed-media 
hard disk, power supply, cables, 
and cabinet with fan. The single 
board controller supervises all 
data transfers, communicating 
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we were thinking 


16K SUPER RAM 
32K SUPER RAM 
16K MEMORY MASTER 
24K MEMORY MASTER 


™ MAIN 
~~ MEMORY 


~ 


HARD 
DISK 
CONTROLLER 


14 INCH 26 MEGABYTE 
HARD DISK 


with the CPU through 3 I/O ports (command, 
status, data). The controller can generate inter- 
rupts at the completion of each command. A 
512-byte sector buffer is on-board. And the 
system is available for S-100 main- 
frames. 
SYSTEMS FOR SYSTEMS. Whether 
you re building systems or trying to 
expand your present system at reason- 
able costs, Morrow Designs offers 
», complete, cost-effective subsystems. 
Modular systems that allow you 
to build your system your way. 
SOFTWARE FOR SYSTEMS. 
Morrow Designs backs each 
subsystem with high-quality, 
fully-tested software. INSTALL 


sss tare allows you to attach 
GOOK BYTES * 


WORD PROCESSING _ 
a) AAR Come 
MANAGEMENT 
ACCOUNTING 


8 INCH 1.2 MEGABYTE 
FLOPPY DISKS 


any Morrow disk system to any sys- 
tem operating under 2.+ CP/M. 
Morrow CPM/CDOS software allows 
you to attach any Morrow disk drive 
to Cromemco Systems. In fact, if soft- 
ware runs under CP/M, it will run on 
any Morrow Designs hardware. 


to you is reliable system efficiency at 
cost effective prices. 
Better systems for less. See Morrow 
7 Designs full line of memory and I/O, 

-| plus floppy disk and the M26 hard 
disk system at your computer sup- 
plier. Or, send in the coupon for our 
COMPARE PERFORMANCE. full line catalog. Can't wait: Call us at 
Hardware performance. Software ‘capers (415) 524-2101. 
performance: System performance. Any =. rrr eT 


Morrow Designs disk drives, hard or floppy, MORROW DESIGNS q "7 


7 


~~ 


can be mixed and matched through Morrow 5221 Central Ave. Richmond. CA 94804 

Designs standard software. And all necessary Gentlemen, Please send me your complete OEM hardware and 
hardware, software and firmware is included software specifications. Plus the name of my nearest distributor. 
with each system. Name 

NOW, COMPARE PRICE. Morrow Designs Company 

products offer maximum efficiency at minimum Address 

cost. But we don't cut corners. What that means City State Zip 
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SELES LOE 
FAIRCHILD 


ES eA SS 
A Schlumberger Company 


The best way in memory to 


Our 64K 
solid-state 
CCD memory 
Is easier to 
interface with 
your large 
memory 
applications. 


If you've been using 
16K DRAMs for 
Swapping stores, disc 
enhancement or digital 
delay, get ready for a 
much more cost- 
effective solution. The 
new 64K F264 CCD 
from Fairchild. 

Using conventional 
n-channel Isoplanar™ 
Silicon gate MOS tech- 
nology, we've produced 
aCCD solid-state serial 
memory that can really 
Save you time and 
money. 


specs that defy 
comparison. 


The F264 is organ- 
ized 16x 4K x 1 and 
offers data rates 


ranging from 1-5 MHz. 
It has TTL-compatible 
inputs and outputs. 
And, power dissipation 
is extremely low, too. 
Typically 220 mW at 

5 MHz and 65 mW 
during standby at 

1 MHz. 

It's packaged ina 
standard 16-pin DIP 
and requires only two 
high-frequency clock 
inputs for easier inter- 
facing with other solid- 
State circuits. 


Do alot more 
fora lot less. 


The new F264 
memory is about half 
the cost per bit of 
DRAMSs. It’s also cost- 
competitive in fixed- 
head disc and drum 
replacement applica- 
tions. More impor- 
tantly, there are no 
trade-offs between 


~ price and perform- 


ance. Fairchild gives 
you the best of both, 
and more. 

In addition, our 


CCD memory is 
extremely easy and 
low cost to test. Com- 
pared to DRAMS, it 
requires 1/4 the test 
time per bit and can 
be tested on your 
standard memory test 
systems. 

We also make a 
32K CCD serial mem- 
ory, the F232, with 
cost-efficient charac- 
teristics similar to those 
of the F264. Ithasa 
data rate range of 1-4 
MHz, and is also pack- 
aged in a 16-pin DIP. 

Our experience as 
a pioneer in CCD 
imaging has helped us 
produce the most cost- 
efficient devices in 
memory. For delivery 
information on our 
F264 or F232 CCD 
memories, call or write 
MOS Products at Fair- 
child Semiconductor 
Products Group, P.O. 
Box 880A, Mountain 
View, CA 94042. 

Tel: (408) 224-7334. 
TWX: 910-338-2028. 


Fairchild Camera and Instrument Corp. 


save more cents per bit. 
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IT is the 


difference 
between too 
smart and 


DESCRIPTION 


Just when you thought you 
were totally confused by the incred- 
ible variety of “smart’’ computer 
terminals on the market, Lear Siegler 
brings you exactly what you need. 
It is IT, the Intermediate Terminal™ 
video display. 

IT banishes all the confusing 
claims being made in the computer 
marketplace by compressing the 
broad spectrum of ‘‘smart’’ termi- 


REDUCED 
INTENSITY 


TWO PAGES OF MEMORY 
(3840 CHARACTERS) 


UNDERLINING 


nals into ITself. Now, when you're 
looking for a terminal that isn't too 
smart but isn't too dumb either, IT 
is perfect for the job. And instead 
of having to weave your way 
through the confusing forest of 
“smart” terminals, just look for 

IT. Because IT is enough. 

IT brings you the same high 
standards and solid workmanship 
that made its cousin, the Dumb 
Terminal® video display, a legend in 
its own time. IT may be of average 
intelligence, but there's nothing aver- 
age about IT's consistent, quality 
performance and sensible features. 

IT is completely self-contained, 
with full editing, formatting and 
protected field capabilities. Not to 
mention a microprocessor which 
increases reliability and ease of use. 


TWO PAGES ARE 
BETTER THAN ONE. 


The list of IT's special features 


could go on all afternoon. Out- 
standing among them are the two 
pages of display that are standard 
with IT. Use them both and get up 
to 3840 characters of display poten- 
tial. Or, allocate the second as a 
print buffer and be sending data 
on page two while entering data 
on page one. 

Each page has the following 
independent page characteristics: 


HIGH RESOLUTION 
MONITOR (7 X 11 DOT MATRIX) 


BUSINESS 
GRAPHICS 


FULL TEXT 
EDITIING 


REVERSE 
VIDEO 


protect, program mode and cur- 
sor retention. And when you change 
from one page to another, these 
characteristics are stored in mem- 
ory to be recalled at another time, 
letter perfect. 


IT’ HAS QUITE A DISPLAY. 


With IT, specific areas are desig- 
nated as protected fields. They can't 
be typed over unless you remove 
the terminal from the protected 
mode. Even your remote computer 
can't overwrite the protected fields 
until IT is removed from the pro- 
tected mode. Background (protected 
data) can be displayed at a lower 
intensity, while foreground is dis- 
played at normal intensity and may 
be modified. You can even tab the 
cursor forward and backward to 
the start of each unprotected field. 

And when you depress IT's 
special function key, a special func- 
tion sequence is transmitted. The 


remote computer is then in full con- 
trol. And all control functions that 
can be initiated from the keyboard 
can also be executed from the 
remote computer. 

Also on IT, full or half duplex 
operation is switch and keyboard 
selectable. You can also choose 
from conversation or block trans- 
mission, which can be initiated 
by you or the computer. In block 
mode, a line, a message or a page 
can be transmitted in its entirety. 


IT” IS NOT JUST ANOTHER 
PRETTY FACE. 


IT's editing capabilities allow 
you to clear the screen, or use the 
cursor for a character change. In 
addition, IT comes complete with 
character insert and delete, line 
insert and delete, erase to end of 
line/field/screen, and tab and back 
tab. IT's full controls also allow you 
to skip protected fields, backspace, 
forespace, move up, down, return, 
home, and new line. 

And when it comes to behavior 
modification, IT has few peers. 
Because IT comes with a factory 
installed personality for selected 
parameters. Such as an alternate 
ESCape sequence lead-in, in addi- 
tion to the standard ESCape. A 
different End Block character. A dif- 
ferent New Line character sequence. 
A different field separator. And 
a function sequence preamble. 


FIND OUT THE WHOLE 
STORY ABOUT IT- 


The people at Lear Siegler 
would be more than happy to fill 
you in on all the details about IT. 
Just drop us a line or call. Because 
IT is worth it. 


LEAR SIEGLER, INC. 
DATA PRODUCTS DIVISION 


IT, the Intermediate Terminal 


from Lear Siegler. 


Lear Siegler, Inc./Data Products Division, 714 North Brookhurst Street, Anaheim, CA 92803 800/854-3805 In California 714/774-1010 
TWX: 910-591-1157 Telex: 65-5444. Regional Sales Offices: * San Francisco 408/263-0506 * Los Angeles 213/454-9941 * Chicago 312/279-5250 
¢ Houston 713/780-2585 * Philadelphia 215/245-1520 * New York 212/594-6762 * Boston 617/423-1510 * Washington, D C. 301/459-1826 


IT™ Intermediate Terminal™ and Dumb Terminal* 


ire trademarks of Lear Sie 


* England (04867) 80666 


jler Inc 
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IT’S HARD 


A GOOD MACHINE ‘DOWN. 


At least that’s what our custom- guy, 
ers tell us. ° 


They report that | PP axe: 


the Teletype* model 43 
printer is the most 


reliable machine. 
they’ve ever bought, | | 
And that downtime is prac- | 
tically nil. 

For example, Mr. Albert 
Brooks of NCE Terminals writes us to say that, 
“our records show the Teletype model 43 has 
the highest reliability and mean time between 
failure rates of any terminal we presently 
distribute and service?’ 

Thanks, Mr. Brooks. 

And Mr. Robert Jones of Leasametric, a 
company that currently rents out over 1000 
of the model 43 teleprinters, reports that 


“according to our records, the 
__ failure rate ee between 
2. 142% and 2%.’ 
And while that 
may surprise some 
<cme people, it’s no 
Surprise to us. 

Because the reason for the 
model 43 teleprinter’s amazing 
reliability is simple: simplicity. 
Now LSI (Large Scale Integration) circuitry 
performs almost all of the functions that used 
to be done mechanically. So less moving parts 
means less chance of downtime. 

And less downtime means less aggrava- 
tion. And isn’t that the kind of printer you 
want working for you? 

The Teletype model 43 printer. It’s the 
kind of machine that gets fan mail. 


Teletype Corporation 
5555 Touhy Avenue, Dept. 3185 
Skokie, IL 60077 
Telephone (312) 982-2000 


*Teletype is a trademark and service mark of the Teletype Corporation. 
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superModem /i 


9600 bps long distance transmission over unconditioned 3002 lines . 
A patented modulation technology that eliminates the need for 
conventional equalization. 


Data recovery using discrete Fourier Transform signal analysis by a 
proprietary ultra-fast digital processor. 


Inherent immunity to 9 out of 10 random noise hits that affect 
conventional modems. 


Quadraplex channel option. 
9600 bps dial back-up . 


Gandalf Data, Inc., 1019 S. Noel, Wheeling, Illinois 60090 (312) 541-6060 

Gandalf Data Communications LTD., Gandalf Plaza, 9 Slack Road,Ottawa, 
Ontario, Canada K2G 0B7 (613) 225-0565 

Gandalf Digital Communications LTD., 4 Cranford Court, Hardwick Grange, 
Warrington, Cheshire, England 
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EDITORIAL 


‘‘Prelude to World Data Network.’’ 


It sounds like 1980, but it goes back 18 years. AFIPS was sponsoring its third Joint Com- 
puter Conference in Philadelphia (December 4 to 6, 1962) when Computer Design 
published the first number of its first volume. 


Within that premier issue, ‘Computer Talks to Telstar—A Prelude to World Data Net- 
work’’ (p 7) recounted news of the Honeywell 800’s transmission of data signals through 
telephone circuits to Andover, Maine. From there data went by microwave to Telstar, and 
then traveled back over the same route to the 800 in Newton, Massachusetts. 


On page 13, the Wednesday afternoon session of the Philadelphia Joint Computer Con- 
ference was recommended to our readers (Does anyone remember?) because it was all on 
data communications systems. A feature article (p 38) about General Electric’s data 
transmission control system designed with a Datanet-15 and the GE-225 computer heralded 


‘*high speed transmission to and from computers...’’ as a powerful management tool. 


Since its inception in those early years of data communications technology, Computer 
Design has published hundreds of articles for those of you designing systems to move 
digital data from one location to another. In the early 60s few trade publications other 
than Computer Design had made that editorial commitment—and we made it because 
good system to system interface demanded it. Later, 11 years ago exactly, Computer 
Design inaugurated its ‘‘Communication Channel’’ department covering all phases in- 
volving data communications. In the 70s (and now in the 80s) other publications serving 
the industry have made similar commitments as is evidenced by the number of com- 
munications oriented magazines now being printed. 


In this issue of Computer Design we are celebrating our 18th anniversary of com- 
municating information important to your responsibilities in computer based systems 
design. This special communications issue has been compiled as a symbol of CD’s birth- 
day month. We feel it meets and serves your needs. Your comments—pro or con—will be 
welcome and appreciated. 


First Issue - Computer Design 
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Color it TMS9918A. 


New video display processor. 
From Texas Instruments. 


TMS9918A. For color applications 
never before possible with a single chip. 

TMS9918A. For graphics terminals. 
Video games. Arcade games. Home 
computers. Industrial process moni- 
toring. Drafting, animation and educa- 
tion systems. 

TMS9918A. For generating excite- 
ment in sixteen distinct colors. 

This 40-pin plastic DIP generates a 
standard National Television Systems 
Committee (NTSC) composite video 
signal to drive a color or black/white 
monitor — you can tie it to an ordinary 
home TV antenna — simply by using a 
suitable RF modulator. The low-power 
TMS9918A requires only a 5-V supply. 

Another leadership peripheral circuit 
in TI’s 16-bit 9900 Family, the 
TMS9918A is designed with a general 
8-bit data bus, allowing interface to vir- 
tually any CPU. 


3-D capability 
TMS9918A allows 3-dimensional simu- 
lation through thirty-five prioritized 
display planes. This unique feature 


TMS9927 Video/Timer 
Controller 


For high-resolution CRT terminal 
applications, TI offers the industry 
standard. A direct second source of 
SMC’s CRT5027, the TMS9927 
provides programmable timing and 
display for standard and non- 
standard CRT monitors, in both 
interlaced and non-interlaced 
formats. TMS9927 and TMS9918A 
— a powerful combination for full 
video capability — from Texas 
Instruments. 


allows objects on the screen to pass in 
front of one another, just like they were 
on different planes. 


An external video input pin lets you 
input a standard broadcast signal, have 
the TMS9918A overlay text/graphics, 
and output the resultant mix to a color 
display. 


Imagine the possibilities this feature 
offers: subtitles, interactive broadcast- 
ing — and more. 

Do-it-yourself flexibility 
With the patterns defined in RAM, 
TMS9918A allows quick, easy alternate 
pattern set implementation. A powerful 
graphics mode allows complex graphics 
presentations, utilizing all 16 colors. 

Thirty-two pattern objects can be 
moved smoothly across the screen to a 
positional resolution of one picture ele- 
ment. For textual applications, a flexi- 
ble text mode provides resolution of 24 
lines of 40 characters. 

A typical video subsystem consists of 
a TMS9918A, eight dynamic RAMs and 
two TTL devices to generate CPU- 
9918A select signals. 

The TMS9918A is available right now 
at your nearest autho- 
rized TI distributor. z 

For more informa- | Innovation 
tion, write to Texas In- sé 
struments Incorporated, if} 
P.O. Box 1448, M/S 6404, 
Houston, Texas 77001. 


Fifty Years 


TEXAS INSTRUMENTS 


© 1980 Texas Instruments Incorporated 


INCORPORATED 
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Introducing the 


Spinwriter 3500Q. 


Anew 30 cps, high-MTBF character 
printer for the word processing industry. 


It's here. The new Spinwriter Model 3500Q medium- 
speed solid character printer from NEC. 

The Model 3500Q sets new cost-of-ownership stan- 
dards for today’s most demanding office printing tasks. 
New design standards. New durability standards. New 
cabinetry standards. While maintaining functional com- 
patibility with current Spinwriter models. 

The Model 3500Q uses a single circuit-card and 
approximately 60 per cent fewer parts than current Spin- 
writer models. Thus, its physical size and weight are 
reduced by a third— making it easier to incorporate in 
any office system. And it sets a new industry durability 
standard: 3000 hours MTBF. 

Add a 30-minute MTTR, 30-million character print 
thimble life, 360,000-character film ribbon and a new eco- 
nomical price, and you attain cost-of-ownership advan- 
tages unparalleled in character printer history. Operation 
and maintenance are further simplified because the 
Model 3500Q requires no factory or field adjustments or 
lubrication. And just three major spare parts are needed 
to support the printer hardware. 

The NEC Spinwriter Model 3500Q has an average 
print speed of 30 CPS, handles forms up to 16" wide, and 
uses all existing NEC thimbles, with up to 128-character 


versatility. It also comes with an industry-standard inter- 
face, numerous ease-of-use features including an opera- 
tor display panel, and a range of forms handling options 
that include sheet feeder options, document inserter, 
forms tractors, bottom feed, and cut-sheet guide with 
sensor. 

The NEC Model 3500Q Spinwriter. It’s here just when 
you need it most. 

To find out more, call your nearest NEC sales office 
today. 


NEC. Going after the perfect printer. 


NEC Information Systems, Inc. 


Head Office: 5 Militia Drive, Lexington, MA 02173, (617) 862-3120 

Eastern Office: 36 Washington Street, Wellesley, MA 02181, (617) 431-1140 

Central Office: 3400 South Dixie Drive, Dayton, OH 45439, (513) 294-6254 

West Coast Office: 8939 S. Sepulveda Bivd., Los Angeles, CA 90045 (213) 670-7346 
Southern Office: 2945 Flowers Road South, Atlanta, GA 30341, (404) 458-7014 
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PARTITIONING OF SYSTEM TASKS 


SIMPLIFIES DIGITAL 


SIGNAL PROCESSING 


By utilizing a conventional microprocessor for data handling, |/O, and 
decision making, an intelligent peripheral device is freed to handle 
complex signal processing tasks in real time 


Victor Godbole 


American Microsystems, Incorporated 


3800 Homestead Rd, Santa Clara, CA 95051 


Wg complexity of signal processing in voiceband data 
communications varies with the nature of the applica- 
tion. Low speed modems using frequency shift keying 
techniques can perform entirely in the analog domain. 
On the other hand, in higher speed modems the use of 
multilevel data encoding schemes results in a signifi- 
cantly higher level of complexity. It is difficult to 
achieve high precision and stability when using analog 
techniques to implement the large amounts of filtering 
and adaptive equalization schemes employed in high 
speed modems. 

By contrast, digital signal processing techniques are 
better suited to high speed modem applications and of- 
fer several distinct advantages. Performance is stable 
and repeatable from unit to unit. High precision can be 
achieved and is limited only by the number of bits that 
the signal processor can handle. Greater flexibility is 
also obtainable because it is easier to modify response 
by simply varying the proper arithmetical coefficients. 
Moreover, major building blocks of the arithmetic unit 
(adder and subtracter, multiplier, etc), can be 
timeshared, allowing complex tasks to be broken down 
into several repeatable fundamental tasks. 


Suitable hardware in large scale integration (LSI) form 
is now becoming available to reduce component count 
and the cost of hardware implementation in applica- 
tions that require digital signal processing techniques. 
Conventional microprocessors, since they lack needed 
arithmetic power and speed, are not well suited to the 
requirements of complex digital signal processing. 
Algorithms used in such processing are highly 
multiplication intensive. Even for only a single, second 
order, digital filter section, the processor must perform 
four multiplications, four additions, and two store 
operations. Conventional microprocessors cannot per- 
form 8- or 16-bit manipulations fast enough to process a 
significant number of these filter sections within the 
typical 125-us sampling interval corresponding to the 
8-kHz sampling rate used in voiceband data com- 
munications systems. 

The necessary ingredients of a digital signal processor 
are a specialized architecture and an instruction set 
tailored to provide computational efficiency. A 
specialized digital signal processor, configured as an in- 
telligent peripheral to operate in conjunction with a con- 
ventional microprocessor, allows efficient partitioning 
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of system tasks. The microprocessor then becomes a 
controller for managing data flow, including input/out- 
put (I/O), and for calling out the application-specific 
routines stored in the signal processing peripheral. In 
turn, the peripheral actually performs the hard work 
associated with a specific signal processing task. 


Architectural Functions 


For optimum architecture, the general requirements of 
digital signal processing algorithms, as well as specific 
application details, must be considered. Filtering is a 
basic requirement in most voiceband communications 
systems. Both recursive (filters using feedback) and 
nonrecursive (transversal filters) are widely used. 
Because they provide minimum delay distortion, 
transversal filters are most suitable when a linear phase 
characteristic is required. Recursive filters are generally 
used when a steep filter response is desired with 
minimum computation. However, recursive filters ex- 
hibit a nonlinear phase characteristic that results in 
higher delay distortion. 

A basic second order filter section can be used as a 
building block for higher order filters. In the equation 
for a second order recursive filter section 


We = pS =F ajWa-1) ae a2W (n — 2) 
Yn = Wa S byWa-1) as b2W mn — 2) 


@}, a2, by, and by» are fixed coefficients.' X, and Y, 
represent input and output samples respectively, and 
W,, Win-1) and Wqq-_z) are intermediate computed 
results for present and past sampling instants. Clearly, 
some provision must be made for storing signal and 
coefficient data. Examination of the equations points 
out that half the data memory in a system can be read 
only memory (ROM) while the other half must be ran- 
dom access memory (RAM) holding variable signal data. 
This half ROM, half RAM division of data memory 
should achieve a considerable reduction in the overall 
size of data memory. To improve throughput, one must 
also make provision for accessing the coefficient data 
word simultaneously with the signal data word for 
multiplication. This calls for a dual output port memory 
structure. Use of a pipelined multiplier achieves still fur- 
ther improvement in throughput. 

When the multiplier delay equals one instruction 
cycle, a product becomes available from the multiplier 
during the instruction immediately following the in- 
struction in which data were entered into the multiplier. 
An instruction structure can then be realized to read two 
words from data memory, perform an arithmetic opera- 
tion on them, and store the result back into data 
memory, all in only one cycle. This sort of dual operator 
instruction format for simultaneous arithmetic and data 
transfer operation is vital for realizing computational 
efficiency. The equations also show that digital signal 
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Instruction Repertory Promotes Efficiency 


Special instructions implemented by the $2811 demon- 
strate the impact of instruction set design on digital signal 
processing efficiency.*® For example, signal processing 
algorithms such as that for the second order recursive filter 
operate extensively on delayed samples. By using a special 
instruction that transfers the V-port input register content 
to RAM (TVPV), the previous value read from the V-port 
passes directly to a memory location designated in the cur- 
rent instruction, implementing digital filter Z~' delays with 
minimum software overhead. 

A set overload protect (SOP) control mode allows the ac- 
cumulator output to saturate to the maximum or minimum 
signed value, depending on the direction of overflow, 
whenever an overflow occurs. This feature is invaluable for 
implementing recursive filters, where oscillations might be 
caused by feedback after accumulator overflow. 

First level loop nesting normally involves a great deal of 
software overhead. To avoid this, the $2811 includes a 
hardware loop counter allowing up to 32 iterations. Jump 
instructions such as jump conditional direct (JMCD) and 
jump conditional direct and increment (JCDI) test the loop 
counter for a zero condition before performing the program 
step, providing iteration test and loop control without add- 
ing program instructions. 

Efficiency increases in digital signal processing when 
several tasks are performed in parallel. Complex (multifunc- 
tion) instructions simplify parallel task implementation. 
Some signal processing tasks must fetch data words that 
are separated by a fixed offset in memory. An instruction 
that interchanges the roles of the base and index registers 
(SWAP) allows the base and index registers to work 
together and achieves a dual base addressing scheme. For 
example, the jump conditionally dual tracking (JCDT) in- 
struction increments the base and index registers. It then 
tests to determine whether the loop counter is zero, and, if 
it is not zero, branches to the specified address. The loop 
counter is decremented after the test. 

This approach saves several steps when programming 
iteration loops that fetch and process data words separated 
by fixed memory offsets, thereby reducing execution time 
in, for example, Fast Fourier Transform processing. 


processing algorithms, such as recursive filter 
algorithms, operate extensively on delayed samples. A 
register must temporarily hold a value that was read 
from a location in data memory during one instruction 
until it is transferred to another data memory location 
during the next instruction. This implements digital 
filter Z~' delays with minimal software overhead. 

To provide sufficient dynamic range, an appropriate 
word length should be chosen to represent signal and 
coefficient values. In most applications, a 70-dB 
dynamic range is adequate, indicating that a 12-bit word 
is acceptable. Also, as pointed out earlier, higher order 
filters can be implemented by using a second order filter 
section as a building block. When permitting higher 
order computations to use the same set of instructions 
or subroutines designed for the basic second order filter, 
some facility must be provided for multiple iterations 
and iteration testing. 
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These and other considerations suggest an architec- 
ture that is specialized toward efficient implementation 
of digital signal processing algorithms. Once the basic 
building blocks are identified, the next task places a 
quantitative judgment on the sizes of the various blocks. 
How much data memory is required? How large an in- 
struction ROM? How many different instructions? A 
careful study of various applications, cost vs size 
tradeoffs, and the level of design complexity provided 
answers to these questions. 


Application Examples 


The specialized architecture selected for use in the AMI 
$2811 signal processing peripheral (SPP) is shown in 
Fig 1. Although specialized for voiceband data com- 
munications requirements, this architecture also sup- 
ports any algorithms or numerical computations that 
are multiplication intensive, that use delay elements, 
and that are suitable for easy implementation of in- 
place computations. Filtering is one of the basic signal 
processing tasks encountered in voiceband data com- 
munications systems. Among these tasks are to limit 
bandwidth, smooth a demodulated signal, smooth a rec- 


ACCUMULATOR BUS 


tified waveform for averaging, and provide equaliza- 
tion. Both recursive and transversal filter types are 
widely used. 


Transversal Filter 


A typical application for a transversal filter is in the 
modem’s receiving circuit, where it is used to remove the 
high frequency components from the demodulated 
signal. The equation for an N-stage (N-tap) transversal 
filter (Fig 2) can be written as 


N 
X(k) = Cox(k) + YY Cyx(k—n) 
n=1 


Here C, to C,, are respective tap weights and x(k) and 
X(k) represent, respectively, the input and output sam- 
ple values at the kth sampling instant. The equation 
shows that computation of X(k) involves a ‘‘sum of 
products’’ type operation. It is convenient to carry out 
the computation sequentially. 

Operations to be performed at any given tap can be 
summarized as follows: accumulate product from 
previous tap; start multiplication for current tap; up- 
date the signal value associated with the current tap by 
shifting in the signal sample from the previous tap; and 
decrement the iteration counter. If the iteration count 
is zero, accumulate a final product, store it in the 
memory location designated for the output sample, and 
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Fig 1 Specialized signal processing architecture. Arithmetic 
unit consists of high speed parallel multiplier and addition/ 
subtraction unit (ASU). Dual port data memory is organized 
as half RAM, half ROM, for storing signal and coefficient 


RAR — RETURN ADDRESS REGISTER 
data, respectively. Instruction ROM holds signal processing 
routines. Serial and parallel I/O ports provide signal and con- 
trol interface 
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Fig 2. Transversal filter. Output X(k) at a given sampling 
instant is a function of present and past values of input x(k) 
only. No recursion of output occurs. Signal value at each 
tap is multiplied by its tap weight. Products from all taps are 
accumulated to produce output 


terminate the computation sequence. If the iteration 
count is nonzero, proceed to the next tap. 


Implementing the Filter 


An SPP can implement the filter by storing a sequence of 
instructions in the form of a program or subroutine 
within the instruction ROM and by creating a memory 
map for accessing signal and coefficient data. Fig 3 
shows the computational sequence in the SPP when im- 
plementing a filter of this type. In a typical transversal 
filter routine designed to run on the SPP, the base 
register and the loop counter are first initialized to 
proper values. The entire series of steps for a given tap 
calculation is achieved by a single instruction such as 


APA TVIB UV(4,0) 


Preceding this instruction, a complex (multifunction) 
command extends the computation sequence through all 
taps until the loop counter reaches zero. To end the 
routine, an instruction accumulates the final product 
and transfers it to a memory location designated to hold 
the output sample. 

Availability of complex (multifunction) instructions 
coupled with parallel processing minimizes software 


SAMPLE SAMPLE 
TAP (i -1) DELAY DELAY 


BASE (i - 1) VP REG VP REG 


TAP (i + 1) 
BASE (i + 1) VP REG 


overhead. To implement an N-tap transversal filter, for 
example, six source statements, six machine instruc- 
tions, and a total processing time of N + 5 instruction 
cycles are required. With a 300-ns instruction cycle time, 
this corresponds to an execution time of about 5 us fora 
12-tap filter. The typical 8-kHz sampling rate in voice- 
band data communications systems allows 125 ys for all 
the different signal processing tasks that must be per- 
formed, so it is important to minimize individual task 
computation times. This permits one signal processing 
device to perform all of the tasks that most applications 
require. 


Equalization 


Voiceband data communications channels are nothing 
more than voice grade telephone lines, and these in- 
troduce both amplitude and delay distortion into the 
transmitted signal. Amplitude distortion is caused by 
variations in gain as a function of frequency within the 
passband. Delay distortion is caused by the nonlinear 
relationship between the signal’s phase shift and its 
frequency characteristic. Both types of distortion 
result from channel characteristics. Delay distortion 
causes interference between adjacent transmitted infor- 
mation samples; it is also known as intersymbol in- 
terference (ISI). 

As the data transmission rate increases, so does the 
need for equalization. To avoid this need, various 
grades of conditioned lines with prescribed distortion 
limits are available from telephone companies; 
however, these must be leased as private lines. On the 
other hand, modems can incorporate equalization to 
allow the use of ordinary dial-up lines and at the same 
time attain a higher data rate. Equalization can be fixed 
to match average line conditions, or it can be manually 
or automatically adjustable. High performance modems 
use automatic and adaptive equalization techniques. 
With the SPP, algorithms for such equalization tech- 
niques can be easily implemented. 

The most commonly used form of easily adjustable 
equalizer is a transversal filter similar to the one used in 
baseband filtering. Each tap on the (2N + 1)-tap 


ae Fig 3. Filter implementation. 

A group of memory words 
(base) is associated with 
each tap. In each base, signal 
value is stored in RAM loca- 
tion and coefficient value is 
stored in ROM location. Taps 
are processed in sequence. 
Adder, multiplier, and delay 
register blocks are used 
repeatedly, under program 
control, until all taps have 
been processed 
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transversal equalizer is connected to a summing ampli- 
fier through a variable gain device. The equation for the 
equalizer can be written as 


N 
X(k) = 2 Caxtk — (N +.n)] 
n-—N 


where x(k) are input samples to the equalizer and X(k) 
are equalizer outputs. 

Consider first the use of an equalizer in a baseband 
pulse amplitude modulation (PAM) system where the 
equalizing filter is inserted between the receiving filter 
and an analog to digital converter (ADC).’ Ideally, if the 
received pulse has a peak at t = 0 and ISI on both sides, 
one would like to have 


1, fork = 9 


X(k) = 
0; fork = £15 2, .:.., 2EN 


This condition cannot always be realized because there 
are only 2N + 1 tap gains available. For example, a 
3-tap equalizer can be designed for zero ISI in the 
equalized pulse on either side of t = 0, but with a small 
ISI at points further out from t = O where the unequal- 
ized pulse had zero ISI (Fig 4). 


Complex Valued Adaptive Equalizer 


Equalizers used in high performance modems extend the 
basic transversal equalizer just described. In a typical 
configuration for a 4800-bit/s modem conforming to 
CCITT V.27 specifications’, the equalizer is inserted be- 
tween the baseband filter and the quadrature phase shift 
keying (QPSK) detector. The baseband filter actually 
consists of two transversal filters that smooth the in- 
phase and quadrature phase components of the 
demodulated signal. The inphase and quadrature phase 
components can be considered as forming a complex 
number x + jy as input to the equalizer. For an adaptive 
equalizer, the tap gains given by complex value a,, + jb, 
are updated from computations performed on error 
signals e, and ey supplied by the QPSK detector. 


RECEIVED PULSE 


Fig 4 Three-tap equalizer input/output. Received pulse 
has peak at t = O and ISI on both sides of t = O. Three-tap 
equalizer can be designed for zero ISI on either side of 
t = O, but with small IS| at points well removed fromt = O 
where received pulse may have had zero ISI 


In a typical application, the baseband filters are 
sampled at 8 kHz, and the equalizer is sampled at 
1.6 kHz or at the baud rate. It is necessary to sample 
baseband filters at the higher sampling rate in order to 
remove higher frequencies contained in the signal after 
demodulation. Thus, four out of five filter samples are 
simply discarded, and the equalizer processes one out of 
every five samples supplied by the filters. Equalizer out- 
put is a complex number that is processed to decode the 
received symbol. An error signal can be computed on 
the basis of the actual received symbol and the equalizer 
output. Equalizer tap gains are updated at a baud rate 
based on this error signal. 

Typically, the equalizer may consist of 8 to 16 taps. 
Fig 5 shows the signal flow graph for a 16-tap equalizer. 


Fig 5 Equalizer implementation. In- 
phase and quadrature phase compo- 
nents are multiplied by their respective 
tap weights. Resulting quadrature 


phase data is subtracted from inphase 
data. Results from all taps are summed 
to produce real (inpDhase) component of 
equalizer output. Imaginary (quadrature 
phase) component of output is pro- 
duced separately in similar manner 
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The equations for the 16-tap complex valued equalizer 
can be written as 


16 

X = Vo anxy — banyan 
nal 
16 

Y= D0 bax, + anYn 
n= 


ee a! 
Xn41 = Z Xp 


7n+i = Ze ly, 


These equations are derived from the result of multiply- 
ing two complex numbers as follows: 


(Xn + Jp) yn + JDp) = (nXy — DpYp) + JOpXp_ + AnYy) 


Here, X and Y represent, respectively, the real and im- 
aginary (inphase and quadrature phase) components of 
the equalizer output. 

The complex valued equalizer can be implemented in 
a manner similar to that of a transversal filter on the 
SPP. However, there are some important differences. 
Coefficient values are not fixed; therefore, they must be 
stored in RAM. Equalizer computation involves complex 
numbers; hence, both x and y input data values are 
stored in adjacent RAM locations. Equalizer output also 
is a complex number whose real and imaginary com- 
ponents are computed in separate passes. 

Other common signal processing tasks such as carrier 
generation, modulation and demodulation, and averag- 
ing can be handled in much the same fashion after pro- 
gramming appropriate algorithms for their implementa- 
tion. 
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Building A Signal Processing System 


Once the SPP has been programmed with application- 
specific routines, its use in the system proceeds com- 
pletely under microprocessor software control. Hard- 
ware interfacing of the SPP is straightforward because it 
is handled like any other memory mapped peripheral. In 
a general purpose signal processing system configura- 
tion (Fig 6), serial I/O ports are used directly with ADCs 
and digital to analog converters (DACs) to provide a 
signal interface. A parallel port implements the control 
interface to the microprocessor. 

To prevent aliasing of out-of-band signal and noise 
frequency’ components caused by the sampling process, 
the input analog signal must be bandwidth limited 
before it can be digitized and processed in the SPP. For 
providing bandwidth limiting to 3.4 kHz, standard D3 
channelbank‘ filters commonly used in pulse code 
modulation (PCM) telecommunications are ideally suited 
to perform the antialiasing filter function in the signal 
processing system. D3 channelbank filters are now 
available as monolithic integrated circuits, further 
simplifying system design. On the output side, a similar 
low pass smoothing filter should be used after the DAC, 
limiting the signal spectrum to around 3.4 kHz as re- 
quired in voice grade telephone channels. 

In a system, the microprocessor typically sets up the 
initial conditions and parameters, then begins execution 
of a signal processing task by calling out an application- 
specific routine stored in the SPP. Depending on the ap- 
plication, processing may continue until the SPP is inter- 
rupted by the microprocessor, perhaps to select a dif- 
ferent algorithm or for periodic updating of adaptive 
algorithm coefficients. Or, the SPP may interrupt the 
processor for intermediate I/O conditions or to signal 
the end of a processing task. Thus, either an open ended 
or an interactive mode of signal processing can be 
selected for maximum flexibility. 


ANALOG 


Fig 6 Signal processing 
system block diagram. Ana- 
log input signal is bandwidth 
limited by low pass filter, 
digitized by ADC, and pro- 


cessed by SPP under micro- 
processor control. SPP out- 
put is converted to analog 
form by DAC and smoothed 
by low pass filter to produce 
analog output signal 
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Conclusion 


Designers of high performance voiceband data com- 
munications systems can simplify most commonly en- 
countered digital signal processing tasks by selecting 
devices with architectures optimized for signal process- 
ing. Such devices use parallel processing to implement 
highly multiplication intensive sum-of-products type 
algorithms most efficiently. Careful consideration must 
be given to partitioning of system tasks. It is best to 
have normal data handling, I/O, and decision making 
tasks handled by a conventional microprocessor, while 
leaving the complex tasks of signal processing to a 
specialized device organized as an intelligent peripheral 
that operates in parallel with the microprocessor. 


Acknowledgments 


The author wishes to acknowledge the valuable consultations 
with Mr Karl Nordling of Kinex Corp in preparing this article, 
and to thank Dr Sam Shanmugam of the University of Kansas 
for making available an illustration from his book. 


References 


1. A. V. Oppenheim and R. W. Schafer, Digital Signal 
Processing, Prentice-Hall, Englewood Cliffs, NJ, 
1975 


WANT TO SEE HOW TO RELOAD 
OUR TWO-TRACK TRANSPORT? 


ve 


cal 
S2939000. 7% 


* 
ie Pee ETE 


2. K. Sam Shanmugam, Digital and Analog Com- 
munication Systems, John Wiley and Sons, New 
York, NY, 1979 

3. ‘‘Data Transmission Over the Telephone Network: 
V.27-V.27 ter,’” CCITT Orange Book, vol vViil.1, Inter- 
national Telecommunication Union, Geneva, 1977 

4. ‘‘The D3 Channel Bank Compatibility Specifications,’’ 
issue 3, American Telephone and Telegraph Co, New 
York, NY, Oct 1977 

5. ‘*1980 Mos Products Catalog,’’ American Microsystems, 
Inc, Santa Clara, Calif, pp 2.71-2.89 

6. Richard W. Blasco, ‘‘v-MOs Chip Joins Microprocessor to 
Handle Signals in Real Time,’’ Electronics, Aug 30, 1979, 
pp 131-138 


Victor Godbole, department manager for communications applica- 
tions engineering at American Microsystems, Inc, holds an MSEE 
from Oklahoma State University and has published several technical 
papers. He has been principal engineer for switching systems design at 
North Electric Co and design engineer at Cleveland Electronics, Inc. 


Please rate the value of this article by circling 
the appropriate number in the ‘‘Comments’’ 


box on the Inquiry Card. 


High 525 Average 526 Low 527 


MFE’s auto-reloading, one- 
megabyte, two-track cassette 
transport. 

MFE’s 452 series two-track transport 
automatically reloads itself for the sec- 
ond track. So in effect you get twice the 
storage of ordinary transports from a 
single load —up to one megabyte. 

In addition, the 452 has the industry's 
only permanently aligned tape head. It’s 
actually bolted down to the baseplate so 
it never needs adjusting. 

You'll like MFE’s new door design, too. 
It’s extremely easy to load, and there are 
no linkages or complicated mechanical 
parts to go wrong. 

And our tape handling system is so 
advanced it’s virtually mistake-proof. 
Even if you accidentally eject the cas- 
sette while it’s running at 120 ips, you 
won't damage the tape. 

MFE's 452 series is available with or 
without a door. We also offer the 250 
series single-track transport. 

If you'd like to see a demonstration of 
our auto-reloading cassette, contact us. 
But we can tell you now. You won't 

see a thing. 

Call 800-258-3884. 

Or write MFE 
Corporation, 
Keewaydin Drive, 
Salem, NH 03079. 


CIRCLE 18 ON INQUIRY CARD 35 


Complete Protocol 


At 2Mbits/second, nobody beats our 2652 multi-protocol com- 
munications controller for operating speed. In fact, nobody even 
comes close. And that speed’s important when you’ve got to move 
data in time-sensitive environments. Between CPU and terminals. 
Or between CPUs. 

Speed that cuts transmission costs is one key reason why more 
OEMs specify Signetics’2652 over any other protocol controller. But 
not the only reason. SDLC. DDCMP. Whatever your synchronous 
protocol—bit oriented or character count—our 2652 can handle it. 
Completely. Perfectly. 

The 2652 also cuts software development time, because many 
critical software routines are handled by its LSI firmware. And that 
includes CRC error control and zero 
insertion/deletion. 

Add up the features. It’s clear 
that no other product can 
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single protocol system now. Design in the 2652. Then when your 
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— like our 2653 data integrity controller and 2651/61 USARTs — 
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© Please send details on the world’s fastest protocol handler. 
My need is urgent. Piease have a Signetics specialist phone me. 
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MULTIPURPOSE CONNECTOR MIXES 
ELECTRICAL AND OPTICAL SIGNALS 


Fiber optic cable connector mixes coaxial, power, signal, and optical 
cables in a single housing that rivals standard electrical connectors in 


economy and ease of use 


W.L. Schumacher 


AMP, Incorporated 


Harrisburg, PA 17105 


F.. more than two decades, designers have been in- 
trigued by the potentials of fiber optic technology and 
its ability to transmit information through thin strands 
of transparent glass or plastic. Compared to conven- 
tional coaxial cable or twisted wire pairs, fiber optic 
links permit tremendous reductions in size and weight of 
computer related systems. In one weight-critical air- 
borne installation, for instance, 302 copper cables, with 
a total length of 4832 ft (1.473 km) and weight of 87 Ib 
(1.2 kg), were replaced by 13 optical fibers with a total 
length of 250 ft (76 m) and weight of 3.6 lb (0.05 kg), 
approximately a 20 to 1 length and a 24 to 1 weight 
reduction. 

In addition, the data security/noise immunity 
benefits of fiber optics are proven. Fiber optic systems’ 
immunity to radio frequency or electromagnetic in- 
terference is an important consideration, particularly 
when cables are strung through factories or under the 
street conduits where relays, motors, or other noise 
generating units are operating. With ever more attention 


being paid to computer security, the fact that fiber optic 
systems are virtually immune to unauthorized tapping is 
also of special interest. 


Critical Cost Considerations 


Although some computer designers have made excellent 
use of fiber optics, others have held back, usually, it 
seems, because they could not justify the high perceived 
cost. And some costs were very high indeed. Now, 
however, many costs are dropping. The price of fiber 
optic cable itself is declining in early 1980 to as low as 
$1.00/m. Simultaneously, cable attenuation (and 
therefore system performance) is improving. Attenua- 
tion of 10 dB/km at 820 to 900 nm is common. 

Cost of emitters, such as LEDs used in optical 
transmitters and photodetectors used in receivers, are 
declining too. Critical components in any data link, the 
connectors have also been keeping pace in performance, 
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availability, and price. Dozens of specific connector 
designs are solving individual designer problems, and 
new connector concepts have advanced the state of 
the art. 


Connector Economies Keep Pace 


One of the newest and most significant developments in 
fiber optics connectors is the multipurpose connec- 
tor—a device that can incorporate coaxial, power, 
signal, and optical cables in a single, familiar connector 
housing. (See Fig 1.) Although the mix or match con- 
cept of incorporating various types of fiber optic con- 
nections into a standard connector is relatively new, the 
connectors themselves are not. Rather, the connectors 
‘are the same familiar multiple pin designs that have 
been on the market for over 20 years. 

Today’s standard multipurpose connectors can ac- 
commodate fiber optic circuits because contacts (inser- 
tion mechanisms) have been developed that are easily 
affixed to any fiber optic cable, single-strand or 
bundled. These ferrule type contacts may simply be 
substituted for any one or more pins in the multipin 
connectors to convey optical instead of conventional 
electrical signals. The connector housings, therefore, re- 
main unchanged—standard design, mass produced, 
easily handled, proven service, low in cost. This low cost 


concept is a distinct departure from the conventional 
approach to fiber optic connectors, which often em- 
phasizes custom design, precision manufacture, expen- 
sive materials, and, therefore, higher overall cost. 

Essentially, the function of a fiber optic connector is 
to bring pairs of optical cables as close together as pos- 
sible without having them actually touch. In addition, 
the fibers, which may comprise either single-strands or 
bundles, must be very precisely oriented in relation to 
each other. If ends of optical cables are improperly posi- 
tioned and consequently come into contact with each 
other, the surfaces are subject to abrasion and damage. 
If the fibers are not well aligned axially, excessive at- 
tenuation of signal strength can occur. Either situation 
can lead to signal losses greater than the generally ac- 
ceptable range of 2 dB. 

Traditionally, fiber optic connectors achieve precise 
positioning through precision manufacture of the con- 
nector itself. Very close tolerances are called for in the 
range of +0.00025” (+0.00635 mm). Metals from 
which such connectors are machined often are expen- 
sive. Methods of attaching fibers to connectors can be 
complex, exacting, time consuming, and can require 
highly trained personnel. Designers have found that 
such hard precision connectors have two main draw- 
backs: they are expensive to manufacture, assemble, 
handle, and install; and although the connectors are 
precision fashioned, many of the optical fibers they 
hold are not. Whether the fiber is of glass, of plastic, or 
of some combination, diameters may deviate from 
nominal by up to +5% and may be out of round. 


RESILIENT 
FERRULE 


SPLICE BUSHING 


! (ALIGNMENT) 


LONG 
CONTACT 


RECEPTACLE 
HOUSING 


RESILIENT 
FERRULE 


HOUSING 


FERRULES COMPRESSED INTO ALIGNMENT BUSHING 


Fig 1 Multipurpose connector. Using familiar multiple pin design, connector allows substitution of elastomeric 
plastic ferrule contact for any one or more electrical signal pins 
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Clearly, these factors make it very difficult to ensure the 
required positioning and alignment, even when employ- 
ing precisely dimensioned hard connectors. 


Alternative Design 


An alternative to precision machining is a connector 
system that positions the fiber within the connector each 
time they are assembled, and automatically makes 
allowances for dimensional deviations in the fiber. 
Ideally, the joining process should precisely position the 
fiber every time, regardless of a fiber’s possible devia- 
tions from nominal diameter or from perfect roundness. 
This ideal is now achievable through use of a ferrule 
type connector terminal made of elastomeric plastic. 
When a fiber is passed through a hole in the axial center 
of such a ferrule and the ferrule is compressed, the fiber 
is automatically centered even if it deviates from nomi- 
nal standards. 


Ferrule is the Key 


At the heart of the multipurpose connector system is the 
elastomeric ferrule mentioned above. (See Fig 2.) One 
standard ferrule design is the basis of both male and 


FERRULE 1 FERRULE 2 


FIBER INSERTED 
WITH ADHESIVE 
@ 
FERRULE HOLE HAS CLEARANCE FOR 


EVEN THE MAX DIAMETER FIBER 


FERRULE COMPRESSED 
TO FIT FIBER SIZE 
WHILE ADHESIVE CURES 


END OF FIBER AND oo e 


FERRULE POLISHED 
TO OPTICAL FINISH 


COMMON ALIGNMENT 
SURFACE 


Fig 2 Connection procedure. (a) Fiber with adhesive 
is inserted into central channel of elastomeric plastic 
ferrule. (b) Simple tools compress ferrule around fiber 
while adhesive dries. (c) Positioned fiber is next pol- 
ished to optical finish, ensuring smooth surface and 
proper spacing for common alignment, in (d) 


female connectors. To ensure proper mating, a simple 
plastic alignment bushing or sleeve is added to one of 
the ferrules in each pair to create a female configura- 
tion. Manufacturing techniques for these ferrules re- 
quire careful quality control but no exotic techniques. 
The ferrule body with an axial channel to accept optical 
fibers is molded of resilient thermoplastic, then inserted 
into a brass retention sleeve. Retention springs of 
stainless steel are added, followed by cadmium plated 
compression springs. Each of the ferrule sizes is de- 
signed to fit a specific, standard connector cavity. All 
will accommodate single optical fibers 250 to 600 uM in 
diameter [up to a maximum of 45 mils (1.14 mm) in 
diameter for bundle fibers]. To link two optical fibers, 
the fiber is placed inside the resilient ferrule and com- 
pressive forces are applied via a compression ring. These 
forces uniformly compress the thermoplastic, reducing 
the inside diameter of the ferrule. This process, of 
course, ensures a tight grip on each fiber, of even the 
smallest diameter. In addition, it optimizes centering of 
the fiber within the ferrule and therefore within the con- 
nector cavity. 

Thus, optical fibers can be connected with each other 
in a simple 5-step process: 

1. Insert fiber into central channel of elastomeric 
ferrule. Although care should be exercised, no special 
skills are required. 

2. With simple hand tools, tighten compression 
ring around ferrule, locking the fiber in place and posi- 
tioning it centrally. 

3. Polish the positioned fiber to appropriate length 
to ensure smooth surface and proper spacing between 
fiber ends. (This process is simple.) 

4. Insert paired ferruled cables in appropriate 
cavities of the multipurpose connector housing. (Other 
cavities can contain copper wires.) 

5. Mate the housings in conventional manner. 


Growing Applications 


The ferrules can be used with either glass or plastic 
fibers, although glass may call for a supplementary drop 
of epoxy adhesive to ensure a good bond to the ther- 
moplastic ferrule material. The ability of designers to 
cluster all cables, optical or electrical, in a single conve- 
nient connector is having an impact on their thinking 
about fiber optics in such applications as machine con- 
trol, process control remote monitoring, and remote ter- 
minals. The advantages are: 

1. Unwanted effects of dimensional variations in 
optical fibers are minimized or eliminated by use of 
resilient plastic. This same resilience helps cushion 
sometimes delicate fibers against vibration and other 
mechanical problems. 

2. Good signal transmission can be expected 
because fibers are accurately positioned and aligned. In- 
sertion losses can be held to the range of 2 to 3 dB, con- 
sidered acceptable in computer applications. 

3. Overall cost is low, traceable to modest cost of 
ferrules, simple assembly techniques, and standard, 
mass produced connector housings. Total installed cost 
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per fiber optic cable is likely to be one-third, or less, of 
previously available optical links. 

4. Connections are easy to disconnect/reconnect. 
Rugged connector housings may be connected and 
reconnected for an indefinite number of cycles. In- 
dividual contacts may be removed from their cavities 
and reinserted, if desired. 

5. Inventory of connectors is minimal since no 
special housings are required for optical connections. 

6. Assembly (or disassembly) is simplified, since all 
connections are made in one step—rather than requiring 
separate steps for power, coaxial, and optical connec- 
tions, for example. Circuit integrity is also improved, 

7. Weight and space requirements are kept at a 
minimum. 


A Boost for Fiber Optics 


This apparently simple connector technology, based on 
the ability of elastomeric plastic to automatically posi- 
tion optical cables when the plastic is compressed, is 
already having a significant impact on computer tech- 
nology. With connector costs down, interest in fiber op- 
tics is up. Laboratory and field experience are 
demonstrating reliability; application bugs are being 
worked out. Manufacturing and service technicians find 


familiar connector configurations easy to work with. 
With no need to stock exotic connectors or special hard- 
ware, inventory costs are low. Only a few sizes of fer- 
rules to accommodate most cable sizes must be added to 
inventory; all other tools and hardware are standard 
for all sizes of ferrules and/or for standard connector 
housings. 

Designers are now moving ahead, with the aid of ex- 
perimental kits, to explore and utilize fiber optics in 
their systems design. Once prototype circuits have been 
proven feasible, the availability of multipurpose con- 
nectors will further the adaptability and economy of the 
fiber optic/computer system design. 


W. L. Schumacher, principal development engineer with AMP, Incor- 
porated, holds patents in the areas of high voltage connectors, basic 
crimp configurations, coaxial connectors, coaxial cable construction, 
mass termination connectors and tooling, and fiber optic connectors. 
An electrical engineering graduate of the University of Missouri at 
Columbia, and a member of the Faculty of the Center for Profes- 
sional Advancement, East Brunswick, NJ, he is reported to be in the 
top 1% of the half million U.S. inventors. 


Please rate the value of this article by circling 
the appropriate number in the ‘‘Comments’’ 
box on the Inquiry Card. 
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BLACK AND WHITE HARD COPY FROM COLOR GRAPHICS TERMINALS 


new full color brochure! 


CEC is a registered trademark of Bell & Howell 
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Up to 16 shades of gray can now be translated onto 
inexpensive electro-sensitive paper from black and 
white or color graphics terminals. The CEC 912 printer 
produces archival copies with over 200 dots per inch resolution 
— without chemicals, toners or further processing. 

A complete, self-contained system, the 912 requires only a single 
cable connection for digital data or video signal. Send for details in our 


CEC Division 
360 Sierra Madre Villa, Pasadena, California 91109 
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Push-n-pull tractors, adjustable tear bar and 1-to-9 part forms handling: all in one printer. 


Finally, real-time forms access 
plus continuous forms output in one 
printer. Perfect for such applications as 
airline ticketing, invoicing, order prep- 
aration and more. And another example 
of the expanding TermiNet 200 printer 
family’s application versatility. 


No-waste, flexible forms control 


One reason: an adjustable tear bar 
that lets you use standard forms with 
different header lengths. For precise 
alignment, no paper waste and clean 
paper tear. Every time. 

More reasons: servo-driven trac- 
tors that allow infinite manual adjust- 
ment in both forward and reverse. A 
non-volatile electronic VFU that makes 
forms set-up easy and permits storage 
of up to 8 vertical formats. A down- 
line loading option enabling you to load 
formats directly from your data source. 
Plus straight-through paper path and 
push-n-pull tractors that give you per- 
fect first-to-last-copy registration. As 
well as smoother paper handling for all 
types of forms, including single-part 


paper. 


HSTKGL632664 
<i PART / DESC 
wearer STRIP | 15.00 
xy PADIATOR FLUSH | 6.00 
coNUANT | 4.90 
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More features add up to more 
application versatility 


With TermiNet 200 printers, you 
can also get a 9 x 9 printhead for excep- 
tionally legible underlining and lower- 
case descenders. Two complete 96- 
character switchable print fonts for 
ASCII/APL use or your own special 
needs. A choice of Magnetic Tape or 
Edit Buffer Accessory. Plus a 100% 
duty cycle capability, excellent print 
quality at speeds up to 200 cps and low 
cost of ownership. All of which help 
make TermiNet 200 teleprinters and 
line printers the industry workhorses. 


Immediate delivery instead of 
piecemeal allocation 


Why wait months for other 
printers when TermiNet 200 printers are 
available now? When you need them. 
Mail the coupon today and find out 
how the expanding TermiNet 200 
printer family can meet your range of 
application needs and generate real cost 
savings. 


Quality that will make a lasting impression 
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Great 
rip-ofis: 


Just one way 
TermiNet' 200 
printers give 
you no-waste 
forms access 


- Mail today to: 
J. Walsh, 
General Electric 
Company, 
TermiNet 794-49 
Waynesboro, VA 22980. 
Telephone: (703) 949-1474. 


1 Send me more information about the 
expanding TermiNet 200 printer family. 


1) Have asales representative contact me. 


I'm also interested in a TermiNet 200 


j printer demonstration. 
Name 
Title 
Company 
City State Zip 
Telephone 


_ Meet the Micro800. 
Data Concentrators for the OEM. 


Are you designing systems using minicomputers and multi- 
ple remote terminals? If so, chances are you could save 
yourself a bundle with a line of intelligent ‘black boxes’ from 
MICOM which let several terminals share one phone line. 
Meet MICOM’s Micro800 Data Concentrator, the intel- 
ligent multiplexor designed with the OEM in mind. Using the 
latest statistical multiplexing techniques, it operates super 
efficiently with interactive asynchronous terminals, allocat- 
ing time on the line dynamically to terminals as they need it. 
In addition, it provides automatic retransmission-on-error, 
allowing your terminals to operate ‘glitch-less’, even on 
poor phone lines . . . and it requires absolutely no changes 
to your existing hardware and software. 
What's more, if you need low-cost multipoint commun- 
ications to service more than one location with a single 
telephone line, MICOM's Micro900 Multidrop Concentrator 


Still 
squeezing 
‘data through 
the 
old-fashioned 
way? 


provides a simple solution. Micro800 and Micro900 models 
support from 2 to 16 terminals. And, if you're only interested 
in eliminating those phone line ‘glitches’, we even have a 
low-cost single channel configuration for lone terminal in- 
stallations. So why re-invent the wheel? Why not take a 
closer look at MICOM’s data concentrators? We challenge 
you to build them for less! And all models are available with 
integral modems at 2400, 4800 or 9600 bps! 

With over 20,000 Micro800’s delivered to date, our 
data concentrators are already in volume production, with 
quick delivery on all models. And you'll find our OEM dis- 
count attractive, too. 

Send for complete details today . . .better still, why not 
call and order a pair on a 30-day sale-or-return basis. No 
strings attached! 

We know you'll believe it when you see it! 


Concentrate. 
It's cheaper! 


MicroB00 


Qatatoncent(ator 
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MICOM SYSTEMS, INC.: 9551 Irondale Avenue e Chatsworth, CA 91311 Telephone (213) 882-6890 e TWX 910/494-4910 
Regional Sales and Service: King of Prussia Business Center © 1004 W. 8th Ave. ¢ King of Prussia, PA 19406 @ (215) 337-4855 
Regional Offices: Atlanta (404) 452-1600 @ Boston (617) 235-8870 @ Chicago (312) 823-9330 e Washington, D.C. (703) 241-7803 
Available now from these stocking reps... 

Alabama: (800) 327-6600 @ Alaska: (907) 276-5616 @ Arizona: (602) 994-5400 @ Arkansas: (214) 620-1551 @ California: Anaheim (714) 635-7600/Lodi (209) 334-1961 
San Diego (714) 578-5760/Santa Clara (408) 727-6491 @ Colorado: (303) 371-2422 @ Connecticut: (203) 226-4281 @ Delaware: (609) 779-0200 @ Florida: Coral Springs 
(800) 432-4480/Orlando (800) 432-4480 @ Georgia: (800) 327-6600 @ Hawaii: (808) 261-3751 @ Idaho: (801) 466-6522 @ Illinois: (312) 255-4820 @ Indiana: 
(317) 846-2591 @ lowa: (402) 895-5850 Kansas: (816) 252-3700 @ Kentucky: (317) 846-2591 @ Louisiana: (800) 327-6600 @ Maine: (617) 235-5520 @ Maryland: 
(703) 241-7803 @ Massachusetts: (617) 235-5520 Michigan: (313) 588-2300 @ Minnesota: (612) 425-4455 @ Mississippi: (800) 327-6600 @ Missouri: Independence 
(816) 252-3700/St. Louis (314) 721-0401 @ Montana: (801) 466-6522 @ Nebraska: (402) 895-5850 @ Nevada: (714) 635-7600 @ New Hampshire: (617) 235-5520 @ New Jersey: 
North (212) 687-2455/South (609) 779-0200 New Mexico: Albuquerque (505) 292-1212/Las Cruces (505) 524-9693 @ New York: East Aurora (716) 655-4322/New York City 
(212) 687-2455/Rochester (716) 385-3021 /Selkirk (518) 439-3070 @ North Carolina: (800) 327-6600 @ North Dakota: (612) 425-4455 @ Ohio: Cleveland (216) 267-0445/Dayton 
(513) 434-7500 Oklahoma: (214) 620-1551 @ Oregon: (503) 224-3145 @ Pennsylvania: East (609) 779-0200/West (412) 892-2953 @ Rhode Island: (203) 226-4281 @ South 
Carolina: (800) 327-6600 @ South Dakota: (612) 425-4455 @ Tennessee: (800) 327-6600 @ Texas: Dallas (214) 620-1551/Houston (713) 862-6685 @ Utah: (801) 466-6522 
Vermont: (617) 235-5520 @ Virginia: (703) 241-7803 @ Washington: (206) 763-2755 @ West Virginia: West (412) 892-2953/East (703) 241-7803 @ Wisconsin: (414) 547-6637 
Wyoming: (303) 371-2422 @ Washington, D.C. (703) 241-7803 e Guam: (671) 646-7280 @ Puerto Rico: (809) 723-9689 
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GETTING THE MOST MODEM 
FOR THE LEAST MONEY 


Today's relatively low modem costs can be cut further by defining 
specific data communications requirements and matching them to 
available modems, thus reducing the need for custom design. 


John Jurenko 


Universal Data Systems, Incorporated 


5000 Bradford Dr, Huntsville, AL 35805 


C ompared to the cost of central processing units and 
most peripheral devices, modems are relatively inexpen- 
sive. As distributed data processing grows in impor- 
tance, however, systems engineers become increasingly 
sensitive to the cost of dozens or even hundreds of 
modems within a single system. One of the best ways to 
control modem cost is by stripping away everything that 
is not absolutely essential. Making the modem an in- 
tegral part of a terminal, for example, eliminates the ex- 
pensive housings, power supplies, controls, and 
switches that are required in a self-contained modem. 
The original equipment manufacturer modem, a board 
that can be plugged into a slot within the cabinet of a 
terminal or other system component, reduces this essen- 
tial subsystem to its least costly configuration. 
Modems are such a highly specialized part of a data 
communications system that many original equipment 
manufacturers (OEMs) purchase these subsystem 
elements from outside vendors. The technologies 
employed in modem design and manufacturing span a 
great many disciplines. Within the deceptively simple 
appearing boards, high speed streams of digital data are 


converted into audio signals; waveforms are precisely 
shaped, clipped, and buffered; the whole conversion 
process is performed in the opposite direction; and an 
immense variety of control and housekeeping functions 
are handled through a combination of hardwired and 
software techniques. 

Signal handling is only part of a modem’s job. Many 
systems also require the modem to handle diagnostic 
and testing chores and to give detailed indications of ex- 
isting conditions within the modem itself, the associated 
terminal, the interconnecting network, and even the 
modem and terminal at the other end of the com- 
munication path. For high speed operation, modems in- 
corporate automatic adaptive equalization that changes 
the filter characteristics with time as the transmission 
lines change. Finally, because they span the gap between 
a data processing system, with all of its peculiarities, 
and an interconnecting network, with its own rigid set 
of rules and peculiarities, modems can be viewed as 
devices that perform a combination of electronic, 
mechanical, and government agency mandated isolation 
functions. 
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Considering all of the factors just mentioned, it is 
tempting to compile a very detailed list of specifications 
when seeking bids from modem vendors. In many cases, 
the tendency toward overspecification can lead to a 
much more expensive modem than the system actually 
requires. Temperature tolerances, for example, can be 
overstated to the point where an otherwise suitable off 
the shelf modem must be passed by in favor of a custom 
designed unit that uses specially selected components, 
incorporates additional circuitry, and requires expensive 
qualification testing. The cost of all this special work is 
worthwhile, of course, provided that the system truly 


needs the extra performance. However, most systems do 
not require much more than generally accepted perfor- 
mance within industry standard temperature ranges. 
Throughout the modem industry, manufacturers sug- 
gest a high degree of vendor participation when it comes 
to specifying a custom modem for an OEM application. 
Their advice is to arrive at a general characterization of 
the modem performance level required and then to sub- 
mit this outline information to selected vendors. De- 
tailed specifications should be drawn up jointly with the 
vendors. This approach offers many benefits. There is a 
good chance of obtaining a recommendation for an off 
the shelf product that would cost less than a custom 
design. The final specification will be more meaningful 
than a specification generated by engineers who have 
limited modem experience. Costly overspecification can 
be avoided. Necessary details will be included that might 


Modem Specification Outline 


(Check Appropriate Boxes) 


1. General System Information 

|| Dial-up telephone network 
Dedicated private line network 
2-wire 

[} 4-wire 

L} Point to point 

|] Multidrop 


] Approvals and standards 


L) FCC Part 68 

|] Underwriters’ Lab 
CSA 

[] PTT 

Other 


2. Data Flow Information 

Speed is bits/s 
Synchronous 

L) Asynchronous 

L] Full-duplex 

L] Half-duplex 

CL) Simplex 

() Extreme data accuracy required 


3. System Interface Information 


L) Direct logic interface 
Bore 

CMOS 

_] Other 

L] RS-232 

MIL-188 

EIA-449 

[] IEEE-488 

LJ CCITT V.24 

L] Other 


4. Terminal Power Available 


OK to tap terminal 
os Vdc 
eink 
|] Dc to de converter required 
Modem must have independent power supply. 


Power mains provide__V at Hz. 
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5. Modem Circuit Board Requirements 
=e in long 
Be in wide 
___(max) in between cards (standard = 0.5 in) 
operating temperature max (standard 
50 °C) 


6. Features and Options Desired 


Analog loop test 

|] Digital loop test 

L] CCITT pseudorandom code generator 
Error detect and display 

_}] Squelch 

Multiple RTS/CTS delays 

[] Auto dial 

Auto answer 

|] 2-wire/4-wire select 

L} Originate only 
Answer only 
Manual originate/answer select 
Automatic originate/answer select 
External clock input 

Output level select 

Reverse channel 

5 bits/s 

75 bits/s 

150 bits/s 


(] Disconnect options 


_] a. 12-s absence of carrier 
b. Loss of carrier 

c. Loss of line current 

d. Receive Long Space 

e. Send Long Space 

[} Busy out 

Constant carrier 

Carrier detect level 


t Full-duplex modems only 


7. Purchasing Information 


Need____——units this year 
Need______units next year 

Need quote by____ (Date) 

Need evaluation prototype by___ (Date) 
Need units per 
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otherwise be overlooked, especially in the area of 
telephone network interfacing. Helpful suggestions may 
result in testing and diagnostic features that cost less 
when incorporated into the modem subsystem than 
when included elsewhere in the overall product design. 
Finally, a written test procedure may be supplied if re- 
quested. 

There are basic facts that any modem manufacturer 
must know in order to respond to a request for an OEM 
modem to be used in a product or system. If OEM 
modem customers would begin the purchasing process 
by preparing these facts, the entire relationship with 
vendors would be smoother, the process leading to a 
firm quotation would be easier, and far fewer problems 
would occur in the long run. 


General System 
Application Information 


Vendors need to know whether the system will be inter- 
connected through the regular dial-up telephone net- 
work or through some type of leased line network. If the 
dial-up telephone network will be used, they must know 
whether this will involve Federal Communications 
Commission (FCC) registered, direct connect inter- 
facing. Is the system (or any portion of it) destined for 
use in a foreign country? If so, which one? What sort of 
governmental agency approval might be required? (The 
FCC, Underwriters’ Laboratories, CSA, and PTT, among 
others, should be considered.) If the system will be in- 
terconnected through a leased line network, is it a 2-wire 
system or a 4-wire system? Is it a point to point system, 
or is it a multidrop system with one transmission line 
connected to more than two stations? Are there any 
special engineering features that the modem vendor 
should know about? Will the system use any unusual 
data links, such as satellites or other long path carriers? 


Specific Data Flow Information 


Vendors also must know the required bit rate for digital 
data transmission. Modems are available to handle data 
speeds from fewer than 300 to 9600 bits/s. Special pur- 
pose modems can handle data at far higher rates; 
however, they are not compatible with the constraints 
encountered on conventional voice grade telephone 
lines. Will the system handle synchronous or asyn- 
chronous data? Will the terminals require full-duplex 
operation, or will half-duplex operation suffice? The re- 
quired level of accuracy is another important data 
transmission parameter. For example, facsimile systems 
may be rather undemanding, while banking systems in- 
volving electronic transfer of funds cannot tolerate 
errors. 


System Interfacing Information 


What kind of interface is required? Available modems 
provide interface capability for use with several types of 
integrated circuits including transistor-transistor logic 
and complementary metal oxide semiconductor logic. 
Also avaiiable are so-called standard interfaces, such as 
EIA RS-232-C, MIL STD-188, IEEE-488, EIA RS-449, and CCITT 
v.24 and, if required, custom designed, bus oriented in- 
terfaces. In addition, another important piece of system 
information, the connector requirements, should be 
determined. How will other system elements connect to 
the modem? How will the modem plug into the network 
interconnection wiring? 


Power Availability and Form Factor 


Must the modem contain an independent power supply, 
or can operating voltages be taken from the associated 
terminal? If terminal power can be used, the available 
voltages and currents must be determined. How much 
space has been allotted to the modem? What are the 
dimensions of the cards used in the system? What is the 
separation between card slots? Where are the card con- 
nectors located, and what type of connector is being 
used? Must the modem occupy only a single card slot, 
or can it take up two or more slots? During actual 
system operation, will the modem card be in a vertical 
position or in a horizontal position? This last considera- 
tion can affect heat transfer and component cooling. 
Vendors also should know about any special en- 
vironmental qualification that would require the 
modem to be constructed using a special printed circuit 
board material or specially qualified components. 


Special Features and Options 


Special features rank among the most difficult portions 
of the specification to anticipate. However, in this area, 
one can expect a great deal of prompting and assistance 
from the modem manufacturer. Are there any special 
testing needs? For example, analog or digital loop 
testing, built-in signal generators, and CCITT pseudoran- 
dom noise generators all are available, along with an 
almost infinite lineup of other diagnostic capabilities in- 
cluding automatic remote diagnosis, error detectors, 
quality monitoring subsystems, and so on. Addi- 
tionally, such items as light emitting diodes that indicate 
functions generally used for testing (but not for signal 
handling) also can be specified. An example is a simple 
indicator that shows the presence of a carrier signal, a 
transmitted data signal, a received data signal, or any 
number of modem and terminal interface functions. 

Options such as those described in some of the Bell 
standards should be considered. Does the modem re- 
quire a squelch feature? Will the system employ only 
one delay between a request to send and a clear to send, 
or might several delay intervals be required? The list of 
possibilities in this category is a long one. 
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Environmental Considerations 


Normal environmental specifications for industry allow 
the equipment to operate within a temperature range of 
0 to 50 °C. Relative humidity can be as high as 95% 
(without condensation). If the system must tolerate 
more extreme environments, the special component, 
construction, and testing requirements will have an 
especially significant impact on cost. 


Purchasing Information 


Of necessity, vendors require the best forecast of quan- 
tities needed and as much information as possible about 
the timing of deliveries. How closely can needs be syn- 
chronized with the modem vendor’s normal cycle of 
product development, prototype testing, manufacturing 
release, volume production, and delivery? The earlier an 
agreement on these questions is reached, the more ac- 
curately actual costs will match initial cost estimates. 


Proprietary Agreements 


Assuming the required modem will be a custom de- 
signed product, the vendor should know whether a long 
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term proprietary agreement will limit wider distribution 
or, alternatively, whether the design can be offered to 
other potential customers. 


Custom Design Cost Considerations 


Past relationships with other OEM subsystem vendors 
are a good guide in dealing with a modem manufac- 
turer. Obviously, off the shelf, standard products are 
the least expensive to purchase, and this cost advantage 
remains valid when relatively minor modifications must 
be made to existing standard products. Using existing 
products to satisfy needs is a good business practice that 
benefits both parties. 

If the product does call for custom design engineer- 
ing, there will of course be a charge for the development 
effort involved. Typically, these charges are nominal 
and significantly lower than charges encountered in cer- 
tain other segments of the electronics industry. 


How to Get Started 


Perhaps the best way to get started is by attempting to 
answer the questions presented here and in the Modem 
Specification Outline. Then, after organizing the data in 
some fashion, one or more modem manufacturers can 
be contacted by telephone. Allow the manufacturer to 
help decide whether an informal discussion among 
engineers might be of use before the specification is sent 
out for bids. An honest and helpful reply can be ex- 
pected because the business advantages of volume pro- 
duction encourage modem manufacturers to exhaust all 
possibilities involving standard products before ini- 
tiating a custom design project. 


Note: To obtain a better understanding of modems, modem 
technology, and some of the technical concepts mentioned in 
this article, request a free copy of the booklet A// About 
Modems from the author. 


John Jurenko joined Universal Data Systems in 1975 as National Sales 
Manager, participating in the development of sales representatives 
and distributor programs, and was named Vice President of Sales in 
1979. He has earned his BS and MS in electrical engineering. 
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As one of the first countries to 
recognize the future significance of 
an information based society, France 
invested some 30 billion dollars 
in the modernization of its telephone 
system and the development 
of a range of products based on the 
convergence of telecommunications 
and computers. This is known today 
as the ‘Telematique Programme: 

Using the advanced technology of 
TDM and packet switching (Trans- 
pac), the French telephone line is 
being transformed into a multifunc- 
tional tool, permitting information to 
be transmitted in all forms: Oral, vis- 
ual, and by means of the ‘Telewriter; 
even handwritten or drawn. 

Once equipped with a video 
screen, the telephone user will have 
access to Teletel (the French video- 
tex service), offering services such 
as armchair shopping, reservations 
and electronic mail, as well as a wide 
range of information including enter- 
tainment, travel and even electronic 
directories, which will be given a 
250,000 terminal trial in France dur- 
ing 1981. (This system is technically 
compatible with Antiope broadcast 
teletext service.) 

Recently, the USA's largest 
computer information service for the 
home signed a distribution 
agreement for a quarter of a million of 
these low cost Teletel terminals over 
the next three years. 

Another Telematique product, the 
digital fax terminal, will produce hard 
copies of the information provided by 
Teletel and will also serve as a low 
cost copier. 

A further major development is the 
‘smart card; employing a micro- 
computer. The added security and 
intelligence this provides will be 
invaluable for both point of sale and 
Teletel home based transactions. 

For the first time in the USA, the full 
range of these products will be dem- 
onstrated live in the ‘French Pavilion’ 
at the Intelcom ‘80 exhibition, open- 
ing on November 10th. 

Come and take a look. You'll see 
that the French ‘Telematique 
Programme’ isn't all talk. It's a reality. 

For further information, write to 
Intelmatique, C/O France Telecom, 
1270 Ave. of the Americas,N.Y.,10020. 


THE FRENCH PAVILLION, 
INTELCOM 80. 
LOS ANGELES, NOVEMBER 10-14. 
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THE INCREASED ROLE OF 
REMOTE CONCENTRATORS IN 
DATA COMMUNICATIONS NETWORKS 


As data network complexity grows, so does the need for sophisticated 
remote concentrators. Special functions enable available devices to 
cost-effectively match those requirements 


Ronald M. Groenke 
Craig M. Johnson 


NCR Comten, Inc 
2700 Snelling Ave North, St Paul, MN 55113 


i n their early days, remote concentrators played a fair- 
ly simple role in a data communications network. They 
concentrated data received at a remote site from mul- 
tiple lower speed lines for transmission Over one or more 
high capacity lines, reducing communications line costs. 
As data communications networks grew increasingly 
complex with the advent of satellite communications, 
public data networks, and a variety of common carrier 
offerings, remote concentrators had to become increas- 
ingly sophisticated. While the concentrator’s basic func- 
tion remains the same—the concentration of data for 
transmission over high speed lines—accomplishing that 
function, along with providing added features, has re- 
quired significant advances in the equipment’s system 
software capabilities. This evolution in remote concen- 
trator technology must be viewed in conjunction with 
the evolution in data communications networks. 
Today, as in the past, the purpose of a data com- 
munications network is to provide optimum com- 
munication between users—between two or more 
people, between a person and an application, or be- 
tween two applications. Two fundamental capabilities 
of an effective communications network, connectivity 
and networking, derive from this purpose. 
Connectivity allows a user to access the network and 
perform meaningful communication with the desired 
destination. This is usually accomplished by sets of for- 
mats and protocols for both node to node and end to 


end communications. In today’s environment, however, 
most users must achieve this connectivity not only with 
IBM compatible systems network architecture (SNA) and 
pre-SNA, but also with other unique or special purpose 
equipment. As new products and service offerings 
become available, designers must support international 
standards such as CCITT Recommendations X.25 and 
X.21. 

Networking provides a transparent channel for the 
orderly flow of information between end points. Users 
now achieve this networking through various levels of 
communications service and a variety of common car- 
rier offerings. 

The user can optimize a network by selecting the 
proper level of communications service to provide ade- 
quate throughput and performance at an acceptable 
cost. For high throughput or performance oriented ap- 
plications, a user may configure a dedicated path 
through the network, as in a circuit switched link. For 
other applications, the user may select a multiplexed or 
store and forward channel in which data are generally 
divided into packets and forwarded to the destination as 
bandwidth is available. Most users require the capability 
to support combinations of these levels of service within 
their network. 

Support for the variety of common carrier offerings 
available, such as leased and dial-up circuits, satellites, 
and public data networks, is also necessary. Despite all 
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of these variables, in order to be feasible the channel 
between end users of the network must be transparent to 
the operators and independent of the level of service 
selected, the common carrier offering used, the number 
of intermediate nodes, and the formats and protocols 
employed. 

It is in these increasingly complex data communica- 
tions networks that today’s remote concentrators must 
operate. As in the past, the remote concentrator receives 
data at a site distant from multiple lower speed lines and 
concentrates the data for transmission over one or more 
high capacity lines without imposing any changes in the 
terminal operator’s or host processor’s executing pro- 
cedures or software. Although the concentrator’s fun- 
damental function has remained the same, performing 
that function calls for increasingly sophisticated system 
software. 

Users continue to demand more efficient and effec- 
tive usage of their complex and dynamic data com- 
munications networks. Providing a transparent trunk- 
ing facility between interconnected communications 
processors, the communications networking system 
(CNS) presents a cogent example of this increasing soft- 
ware sophistication. Rather than using many individual 
lines between terminals and a frontend processor, a CNS 
concentrator adaptively multiplexes data from many 
terminals—both synchronous and asynchronous—for 
transmission over a high speed trunk facility. Any ter- 
minal attached to a CNS network can access a host ap- 
plication anywhere in the network, once the correct con- 
nection sequence and access codes have been entered 
(Fig 1). 

To optimize network throughput during data com- 
munications, CNS software assigns trunk bandwidth 
only when data need to be transmitted. At other times, 
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such as when entering data from the keyboard or 
waiting for a response, the trunk bandwidth is available 
and dynamically assigned to other terminal connections. 

To ensure high network reliability, CNS allows mul- 
tiple circuits running at the same or different speeds to 
establish a trunk between any two nodes. The resultant 
trunk bandwidth is the sum of the speeds of the in- 
dividual circuits. In the:event of one circuit failure, 
communications continue in the remaining circuits, and 
data in transit on a failed circuit are automatically 
retransmitted on a good circuit. Data from both asyn- 
chronous and binary synchronous terminals are put into 
a unique buffer and format. Transmissions between 
nodes are acknowledged and retransmitted if errors oc- 
cur, and a record of the number of buffers and blocks 
sent and received is maintained. Order of block se- 
quence from terminal to host and host to terminal is 
guaranteed. 

Finally, to enhance network flexibility, CNS can co- 
exist not only with pre-SNA, but also with compatible 
SNA support, thereby providing an orderly migration to 
the newer terminals and bit oriented communications 
procedures. Satellite links can also be used for CNS 
trunk circuits, and in certain configurations the pro- 
pagation delays inherent in satellite communication are 
masked out to allow terminals to operate at rated 
speeds—avoiding the severely degraded mode normally 
expected with long delay links. 

Other features permitting terminals to access multiple 
applications include terminal switching, line switching, 
and alternate pathing. But the significance of these 
developments resides more in the increasing sophistica- 
tion of system software for remote concentration than 
in the existence of CNS per se. Users now have available 
extended dimensions of networking configurability and 
new plateaus of increased resource utilization. 

Not all users, however, require or can economically 
justify the extensive functions and performance of a 
separate remote multiplexer system. More will be 
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CT} T) Fig 1. Role of concentrator in network. 
Software assigns trunk bandwidth only 
when needed, optimizing throughput. Ter- 
minals (T) can access host application 
software anywhere in network. Broken 
lines indicate switched circuits 
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joining their ranks as declining hardware costs, growing 
software sophistication, and increasing availability of 
telecommunications facilities stimulate the growth of 
data communications networks. 

Less expensive remote concentrators have emerged to 
satisfy this user base, reducing communications cost 
while offering sophisticated features. One example is 
the 3400 link processor system (LPS), which offers remote 
concentration functions. The system consists of a link 
controller (3401 LC) and one or more 3410 link processors 
(LPs). The 3401 LC co-resides with the 3600 communica- 
tions system, and presents data received from 3410 LPs to 
the 3600 system software in a transparent manner. 
Because the 3401 LC is integrated with the 3600 com- 
munications system, it requires less hardware than a 
separate multiplexer system. Residing at a remote loca- 
tion, the 3410 LP gathers data together from terminals 
and clusters to transmit to the 3401 LC (Fig 2). The 3410 
can support up to 31 lines. 

Despite the decreased cost, users of lower end systems 
such as the 3400 LPS still benefit from most of the func- 
tions and capabilities offered by remote concentration 
software, such as CNS. The 3400 LPS, for example, sig- 
nificantly reduces users’ communication costs by multi- 
plexing data from remote clusters and terminals over 
shared trunk facilities to the 3600 communications 
system, and by compressing data on the trunks to 
reduce the number of characters that are transmitted. In 
addition, the use of bit oriented protocols on the 3400 
LPS trunks provides increased reliability and error cor- 
rection, particularly for start/stop or binary syn- 
chronous terminals. 

The 3400 LPS supports start/stop, binary synchronous, 
and synchronous data link control (SDLC) communica- 
tions protocols on both switched and leased facilities. 
For switched circuits, the 3400 LPS supports remote auto 
dial and auto answer. For remote auto dial, each 
autodial line requires a standard automatic calling unit 
(ACU), but the autocall adapter function is performed 
within 3410 software. For start/stop terminals, 
automatic baud rate detection allows multiple terminal 
types and speeds to share the same access ports. 

With the increasing prevalence of distributed data 
processing and growing complexity of data communi- 
cations networks, remote concentrators have become 
more sophisticated. Not only large system users, but 
also a growing number of smaller system users who 
implement data communications networks will profit 
from this sophistication. 

Although the high cost of communications networks 
once restricted their critical applications to a limited 
number of users, communications networks, like home 
computers, now appear in growing numbers, and are 
employed in a variety of applications. Also increasing is 
the number of common carrier facilities and the 
proliferation of terminals and terminal types. All of 
these factors contribute to the demand for remote 
concentration. 


Fig 2 Typical link processor configuration. In- 
tegrated within 3600 communications system, 
link controller (LC) connects one or more link pro- 
cessors with frontend processor. Link processor 
(LP) at remote location gathers data from terminals 
and clusters 


The challenge, therefore, is not simply to meet a 
growing demand and produce an adequate supply of 
remote concentrators. The challenge is to provide con- 
centrators that are sophisticated yet cost-effective 
enough to meet the users’ needs in the increasingly com- 
plex world of data communications. 


Ronald M. Groenke, as NCR Comten vice president of systems 
development, defines long term product strategies and concepts. 
Previously responsible for communications networking system hard- 
ware and software development, Mr Groenke holds a BS in 
mathematics from the University of Minnesota. His interests include 
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Director of communications architecture at NCR Comten, Craig M. 
Johnson defines and maintains communications network architecture 
(CNA) as the management and technical communications plan for 
NCR products. Mr Johnson holds a BS in mathematics from the 
University of Minnesota. Data communications, particularly 
distributed data processing, is his major field of interest. 
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PLUG-IN ROM CUSTOMIZES NETWORK 
TESTER TO SPECIFIC INSTALLATION 


A ROM pack that tailors a system to a particular data communications 
network reduces the need for intricate setup procedures, complex 
data displays, or complicated operating procedures 


Wendell Damm 
David Bennett 


Tektronix, Incorporated 
PO Box 1700, Beaverton, OR 97077 


W ithin the next five years, as devices are supplied by 
hundreds of different vendors and appear in data com- 
munications networks, the installed base for these 
devices could grow from a few million to more than 10 
million. Coupled with the growth of multivendor net- 
works, this nearly threefold increase in the installed base 
of equipment will create network maintenance problems 
that current service policies do not adequately address. 
Network service managers and network equipment sup- 
pliers will require test equipment specifically designed 
for use in data communications networks, equipment 
that can be tailored to the characteristics of individual 
networks and of specific equipment within networks. A 
primary task for this test equipment will be to isolate the 
faulty equipment in a network that is down. The test 
equipment’s sophisticated analysis of network oper- 
ation and interpretation of test results must be 
automated to eliminate the need for extensive technician 
training involving complex operating procedures, front 
panel display formats, and instrument readouts. 
Suppose that on a typical morning, the service 
manager for a data communications network answers 
the telephone to learn that a terminal operator has en- 
countered a problem. The terminal is acting peculiarly 
and seemingly needs to be repaired. After asking the 
appropriate questions and obtaining as much informa- 
tion pertaining to the failure as possible, the service 
manager must make an educated guess as to how to pro- 
ceed. Symptomatically, this particular terminal operates 


properly for a period of time, then requires several 
minutes for a screen update. Checking with other ter- 
minal operators, it is determined that other terminals in 
the area have experienced similar problems, but the 
operators either have not been inconvenienced to the 
point of reporting the difficulty or have not known 
whom to call. 

The service manager consults a network map to iden- 
tify equipment that might be involved in the failure 
(Fig 1). This particular site has a multiterminal cluster, 
and the problem appears to have affected all of the ter- 
minals in the cluster. A 9600-baud leased telephone line 
connects the cluster to a mainframe computer. The 
terminals are compatible with the computer although 
they were manufactured by a different company. The 
modems, advertised as being fully compatible, are 
manufactured by yet another company. Because it 
seems highly unlikely that all terminals in the cluster 
would experience identical hardware problems at the 
same time, it seems obvious that the problem lies with 
one or more pieces of the shared communications 
equipment. 

Being relatively certain that the problem involves 
equipment supplied by one of the vendors, the service 
manager must now convince the vendor that the 
problem involves his equipment. A test device tailored 
to this particular network configuration would be useful 
for providing a third party determination of which 
equipment is at fault, test equipment that would allow 
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the service manager to contact the appropriate vendor 
on his first call and lend credibility to the report of 
trouble. 

Without test equipment tailored to the particular net- 
work configuration, a classic example of circular finger 
pointing will most likely occur. A few telephone calls 
establish that each of the vendors agrees to the existence 
of a problem. However, the mainframe company 
categorically denies making recent software changes 
that could affect terminal operation. The telephone 
company assures the service manager that the line was 
perfectly good yesterday and is therefore still good to- 
day. According to the modem vendor, appropriate 
lights are lit to indicate that the modems are operating 
properly. The network service manager, whose main 
concern is getting the network back into service, must 
request that a service technician from each of the ven- 
dors involved visit the site to determine if that 
company’s equipment is the cause of the problem. 
Without suitable test equipment, he can only guess 
which vendor to call first. If he is lucky, he may contact 
the correct company the first time; more likely, one or 
more unnecessary service calls will be made before the 
correct company is ascertained. 

Further complicating this typical present day problem 
are several factors that will require the evaluation and 
possible change of service philosophy over the next 
few years. These factors include the rising cost of 
downtime, the increase in software and hardware in- 
teraction, the expansion of the product base, and the 
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Fig 1. Partial network map. Clusters of ter- 
minals manufactured by one vendor connect 
to mainframe from second vendor through 
modems supplied by one or more additional 
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problem of building the technicians’ skill level as rapidly 
as the growth in complexity of the products. 

Equipment downtime can be extremely expensive and 
frustrating for those who depend on data communica- 
tions networks. A failure in a critical portion of the 
system can dramatically upset day to day operations, 
idling expensive equipment and personnel. The service 
manager must react quickly and positively to a failure 
report. Increasing hardware and software interaction 
further complicates the service strategy. A seemingly 
minor software change can propagate through an entire 
system, eventually affecting data communications. 
Moreover, the new software might run for weeks or 
months before an error propagates to the point that a 
problem becomes apparent. This time lapse further 
obscures its true cause, frustrating repair efforts. With 
the number of terminals and sites likely to double over 
the next two years, and adequate support of systems 
presently straining every service manager’s resources, 
the primary concern over support for new data com- 
munications requirements is people. Skilled technicians 
are seemingly being trained as rapidly as possible and 
yet are still in short supply. A much larger equipment 
base will be correspondingly more difficult to support in 
just a few years. 

Although traditional test equipment will not be able 
to solve these problems by the end of this century, when 
there could be as many terminals as workers in the 
United States, test equipment is presently evolving to 
permit the isolation of the faulty network components 
by technicians who have not had to learn complicated 
instrument setup and operating routines and who need 
not be able to interpret complex displays of data. 
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Designed for use in data communications networks, this 
new test equipment could increase the productivity of 
maintenance personnel. It must include monitoring 
capabilities to diagnose software and protocol 
problems, bit error rate testing to isolate communica- 
tions link problems, and simulation capabilities to exer- 
cise terminals and other peripherals offline (Fig 2). 
Moreover, this test equipment must be lightweight and 
portable enough so that technicians will be able to carry 
it to the site, and it should be priced reasonably enough 
to make broad distribution economical. 

With access to one such piece of test equipment cur- 
rently available, the Tektronix 834 Programmable Data 
Communications Tester, our service manager would be 
able to send a service technician to the problem site to 
identify the faulty equipment. Once at the site, the 
technician would begin by monitoring the data link. The 
tester would first be connected to monitor activity on 
the line, to capture data without affecting data 
transmission. Examining the data for polls and selects 
addressed to the controller, the technician would deter- 
mine that the controller is being polled at a reasonable 
rate and is being selected, and that the data are being 
transferred. Using the tester to verify the block check 
characters in the data would reveal that the data blocks 
do not contain errors at this point in the network. The 
technician would also be able to observe that there are 
periods in which bursts of negative acknowledgment 
characters originate in the host. 

Next, the common control equipment for the ter- 
minals would be exercised by simulating the mainframe 
in normal operation. Before disconnecting any equip- 
ment, the technician would inform site management and 
the computer operator. Then, disconnecting the ter- 
minal cluster controller from the modem, the technician 
would connect the tester to simulate the modem. The 
terminals would be exercised with polls and data 
transfers using a simulation routine in the tester that 
would be customized for the installation. The simula- 
tion exercise would include polling and selecting each 
terminal, setting up various displays, and verifying that 
the cluster controller and all terminals are operating cor- 
rectly. It could also include normal operational tests as 
well as tests to verify the proper response to abnormal 
conditions. 

Once this phase of testing demonstrated that the ter- 
minal equipment is operating properly, the technician 
would prepare to test the data link by connecting the 
mainframe end modem in a digital loopback configura- 
tion. The bit error rate test used to exercise the link is a 
repetitive pseudorandom pattern that runs either for a 
specified number of bits or for a specified duration. The 
number of bit errors and 1000-bit blocks that have er- 
rors would be recorded in the tester. As bit rate error 
tests have become standardized, modem manufacturers 
and telephone companies will accept their results as 
evidence of the condition of modems or data lines. A 
high ratio of bit errors to block errors would indicate an 
intermittent problem with the data link that would af- 
fect several blocks of data. 
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Fig 2 Multiple functions of tester. Monitoring 
capability diagnoses software and protocol prob- 
lems. Bit error rate testing isolates communications 
link problems. Simulation capabilities exercise ter- 
minals and other peripherals offline 


The technician would next connect the mainframe 
end modem in analog loopback configuration and 
repeat the bit error rate test. If no errors are detected, 
the problem would be isolated to the host modem. 
When the host modem is replaced, the link would return 
to normal operation and the terminals would operate 
properly. 

All instrument setup procedures and test program 
functions just described and customized for a specific 
network installation can be stored in a plug-in read only 
memory pack that can be inserted easily into the back of 
the tester. This read only memory pack will tailor the 
tester to the service technician’s particular tasks. 
Because only a few buttons need to be operated before 
the instrument can analyze the network, determine 
which is the faulty element, and display these test 
results, technicians will require relatively little training 
on test instrument operation or on the network con- 
figuration before they can isolate faulty network 
elements. 


For the past two years, Wendell Damm has been project manager for 
the Tektronix 834 Programmable Data Communications Tester and 
the 833 Data Comm Tester. Prior to that, he held several different 
engineering design and management positions. Wendell received his 
BSEE from the University of Nebraska. 


David Bennett is a software designer in the Service Instruments Divi- 
sion at Tektronix, Inc. Having recently completed the realtime data 
acquisition and simulation software for the 834 Programmable Data 
Communications Tester, he is currently developing application ROM 
packs for specific protocols which will expand the 834’s capabilities. 
He holds a BSEE from Oregon State University. 
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Versitron’s new fiber optic data connector directly to the terminal; 
distribution system provides all of handles or, for terminals located some 
the features of fiber optic transmission distance away, through a separate 
while maintaining a cost effective edge over parallel data fiber optic link. 

a conventional hardwire unit. The system 16 Flexible Configuration The exact 
provides a direct full duplex link to the CPU system configuration — the number of 
port for 16 terminals from several remote units and the number of 
different locations — all over a sin- channels channels/unit — is totally depen- 
gle fiber optic cable pair! dent on the individual site require- 

Multi-Drop Multiplexers The heart ments. Additionally, the system configuration 
of the system is Versitron’s new multi-drop of may be changed at any time simply by 
multiplexer. This equipment consists of a swapping circuit cards. 
central unit, located at the CPU, and several The system is designed to operate 
remote units located throughout the local local with any combination of synchronous or 
distribution network. The central unit asynchronous terminals up to a maximum 
operates as a conventional ° e e of 19.2 kbps for synchronous 
time division multiplexer; distribution or 9600 baud for asynchro- 
providing an aggregate (16 nous. The built-in diagnos- 
channel) interface to the tics include the ability of the 


local distribution network over a fiber optic central unit to command a remote channel 
cable pair, and 16 EIA interface parallel data a loop-back without affecting traffic on the 


channels to the CPU. Each of the remote remaining channels and a complete front 
units is assigned a number of channels. Each panel status display. 

unit continuously adds its assigned channels into Versitron, Inc. installed its first fiber optic link 
the proper time slots on the transmit aggregate utilizing a multiplexed data technique in the early 
signal and withdraws the channel data from the 1960’s. Since that time we have sold over 19,000 
receive aggregate signal. Once the parallel data fiber optic links covering a wide variety of require- 
is recovered it may be brought through an EIA ments for military and commercial applications. 
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Potential application of fiber optic cables to high density digital trunk 
transmission is increased by their inherent greater capacity per unit 
space compared to copper, and by advancements in LS! technology 


Gayton H. B. Yancy 


Raytheon Data Systems Company 


1415 Boston-Providence Tpk, Norwood, MA 02062 


) ae equipment connects the telephone 
switching equipment interfaces located in geographi- 
cally dispersed central offices, establishing transmission 
paths called trunks between these offices. Signals tra- 
versing the trunks are derived from local connections to 
end user telephone voice circuits [Fig 1(a)]. Efficient, 
high quality digital transmission of analog voice circuit 
signals requires implementation of two distinct pro- 
cesses at the ends of the trunk. One process converts the 
analog voice signal into a digital pulse stream at the 
trunk transmitting end and then converts the pulse 
stream back to its original analog representation at the 
receiving end. Superimposed upon this process, another 
process multiplexes parallel digitized voice data streams 
into higher bit rate serialized pulse trains before 
transmission along the trunk and demultiplexes the 
serial pulse trains back to the original parallel streams 
after reception at the end of the transmission path. 

When implemented for commercial telephone service 
in North America, these processes must conform to a 
data rate hierarchy and a set of encoding techniques 
established by the Bell System. Data rates required for 
compatibility with Bell System digital transmission net- 
works are 


DSI 1.544M bits/s 
DSIC 3.152M bits/s 
DS2 6.312M bits/s 
DS3 44.736M bits/s 
DS4 274.176M bits/s 


The DS1 rate of 1.544M bits/s contains 24 interleaved 
digitized voice circuits in addition to overhead bits that 
aid in demultiplexing. DS1 and DSIC (3.152M bits/s with 
48 voice circuits) are the first levels in the Bell System 
data rate hierarchy and are used for low, medium, and 
high density trunking applications. Of the remaining 
three levels in this hierarchy, only the fourth level, Ds3, 
at 44.736M bits/s and a voice circuit capacity of 672 is 
used extensively. DS2 (6.312M bits/s with 96 voice cir- 
cuits) and DS4 (274M bits/s with 4032 voice circuits), the 
third and fifth levels respectively, are infrequently used 
and will not be discussed further here. 

Equipment used to achieve the transformation from 
analog voice signals to the DS1 and DS3 levels (and back) 
include the Ti channel bank and the M13 multiplexer. 
Circuitry in the channel bank samples the amplitude of 
each 4-kHz bandwidth voice circuit at an 8-kHz rate and 
encodes each sample with eight pulses. This sampling 
and encoding results in a 64k-bit/s data stream for each 
digitized voice circuit. Multiplexer circuitry in the chan- 
nel bank serializes 24 of the digitized voice outputs into 
a 1.544M-bit/s DS1 signal. The M13 multiplexer serializes 
a maximum of 28 DS! signals into a 44.736M-bit/s Ds3 
signal. (The output rate and format of this multiplexer 
remain unchanged if fewer than 28 DS! signals are sup- 
plied as input.) DSI and DS3 signal formats contain 
specific overhead framing bits to permit demultiplexing 
from DS3 to DS1 and from Ds! to 64k bits/s at the trunk 
receiving end. Transmission facilities operating at the 
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now implemented with copper wire cable span line 
systems [Fig 1(b)] and microwave radio systems. Digital 
microwave radio systems are often used in locations 
with sufficient carrier frequencies to service the required 


DSI, DSIC, and Ds3 signal rates are designated as T1, TIC, and traffic, particularly in rural and suburban areas where 
T3 transmission systems, respectively. In addition to the central offices are separated by ten miles or more and 
transmission facilities mentioned previously, T3C systems the terrain traversed by the trunk is rocky or otherwise 
which operate at 90M bits/s and provide two standard Ds3 unsuitable for cable installation. Copper wire cable span 
signal interfaces are used to provide higher voice circuit line systems have been used extensively in densely 
capacity (1344) at lower cost. populated metropolitan areas to interconnect central of- 

fices that are typically less than four miles apart. In ad- 
Alternate Technology for Digital dition, these systems have been used in digital 
Telephone Transmission microwave radio trunking applications as entrance links 

that connect central offices in their downtown locations 
High density digital trunks can often accommodate to a remote radio site. In many entrance link applica- 
more than 1000 simultaneous conversations and are tions, fiber optic cable systems are now less costly than 
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Fig 1 Telephone digital trunk architecture. In (a), 1200 voice channels; and in (c), similar entrance link 
conventional transmission system connects central can multiplex 1200 voice channels in two stages us- 
offices via copper cable or microwave; in (b), copper ing only four fiber optic cables 

cable entrance link to microwave facility handles 
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copper wire cable span line systems [Fig 1(c)]. Since 
the amount of duct space required by a fiber optic cable 
is considerably less than that required by a copper wire 
cable of equivalent transmission capability, fiber optic 
systems also provide a cost-effective means of expand- 
ing trunk capacity in metropolitan areas with limited 
cable duct space. In time, as fiber optic cable and 
component costs decrease, this technology will cost less 
than copper wire cable span lines in most if not all 
applications. 

All telephone digital transmission systems contain 
transmitting electronics, a propagation medium, receiv- 
ing electronics, time division multiplexing electronics, 
protection switching electronics, and maintenance elec- 
tronics. Each of these subsystems is characterized by 
span lengths that are determined by (a) the system gain 
and bandwidth achieved by the transmitting and receiv- 
ing electronics, and (b) the attenuation and bandwidth 
properties of the propagation medium. In those in- 
stances where trunk span lengths exceed the maximum 
span length for the selected transmission system, 
regenerative repeater circuitry used at transmission 
system span intervals achieves end to end transmission. 
The table compares alternate technology high density 
trunking system performance characteristics. 

Apart from mandated performance requirements, 
transmission facilities are often required to have path 
availabilities exceeding 99.9999% (path downtime of 
less than 32 seconds per year). To meet these availability 
criteria, transmission equipment configurations contain 
1:1 and 1:N automatic protection switching equipment 
and redundant transmission electronics (Fig 2). Since 
maintaining a ratio of 1:1 between transmission and 
protection electronics is expensive in terms of initial 
price and manpower required to maintain both sets of 
electronics, 1:N configurations are used to reduce 
redundant circuitry quantity and therefore to provide 
the required transmission system availability at 
reasonable cost. 

Mean time to restore requirements of ten minutes for 
transmission facility standalone equipment dictates ex- 
tensive built-in test, self-monitoring, and diagnostic 
capabilities that must be designed into trunk hardware. 
As a result, terminals have maintenance panels and local 
alarm lights for plug-in assemblies. To minimize the 


mean time to repair these systems, each terminal in- 
cludes a remote fault alarm interface. In some DS3 fiber 
optic systems, these interfaces permit remoting terminal 
operation status and fault status to a. centralized 
maintenance location by means of copper wire pairs 
which, in some instances, are incorporated into the fiber 
optic cable. In other systems such as the 90M-bit/s 
equipment, overhead service channel bits in the 
transmitted signal carry remote fault alarm and 
maintenance voice circuit information. In each of these 
examples, excess travel time for the repair of system 
malfunctions is reduced, since the remoting of the 
alarms provides a means of determining the most 
probable site at which the fault has occurred. 


Basic Elements of a Fiber Optic 
Transmission System 


Basic elements that constitute a fiber optic transmission 
system are a fiber optic cable, a fiber optic transmitter, 
a fiber optic receiver, transmission rate multiplexing 
electronics, protection switching electronics, and 
maintenance electronics. Fiber optic cables allow duct, 
aerial, and buried installation. The two basic fiber (light 
waveguide) constructions permit either single-mode 
propagation or multimode propagation. Single-mode 
light waveguide has an extremely small fiber diameter 
which approximates the light wavelength and permits 
only one mode of propagation. This presents difficulties 
in coupling light into the fiber and in performing splic- 
ing operations, a consideration that precludes the use of 
single-mode fiber optic cable in most applications, 
despite its superior bandwidth characteristics. 
Multimode light waveguide has a larger fiber diameter 
and permits propagation not only of a fundamental 
mode, which travels down the center of the fiber, but 
also of additional modes resulting from internal reflec- 
tion paths. Since the transit times for these modes will 
differ, pulse spreading occurs as the light travels along 
the optical guide. 

To minimize modal dispersion, fibers are constructed 
with a controlled, parabolically shaped index of refrac- 
tion cross-sectional contour. Such graded index fibers 
allow the light ray propagation velocity to increase as 
the length of the internal reflection transmission path 
increases. Fig 3 depicts multimode propagation and the 
parabolically shaped index of refraction contour that 
tends to equalize mode transit times. Fig 4 shows a 
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Fig 2 Automatic protection 
switching equipment. In (a), fully 
redundant transmission elec- 
tronics help meet 99.9999% 
availability requirement. To 
reduce initial price and ongoing 
maintenance costs, configura- 
tion in (b) relies on automatic 
protection switching to provide 
comparable system availability 
using 1:N redundancy 
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typical general purpose multimode cable that features a 
buffered steel core member for strength and six fibers in 
loose fitting halar buffer jackets. Wrapped around the 
buffer jackets are a binding material, a layer of kevlar 
for crush resistance, and a polyurethane outer jacket. 
Commonly employed options and additions to this con- 
struction are dielectric core strength members, armor 
for rodent proofing, and a polyurethane gel to fill in the 
fiber buffer jackets. The last option is important in in- 
stallations that are subject to freezing temperatures 
because the gel filling excludes moisture and the forma- 
tion of ice, which would mechanically stress the fiber 
and alter its transmission characteristics. 

Fiber optic transmitters use injection laser and light 
emitting diodes as light sources. For high performance 
digital telecommunications systems operating at the DS3 
rate and above, the injection laser diode is preferred 
because it makes superior use of fiber optic cable 
transmission properties and provides a more concen- 
trated light output, hence higher transmission coupling 
efficiency to the fiber. Moreover, an injection laser 
diode has a high degree of spectral purity, minimizing 
the effect of waveform spreading caused by material 
dispersion in the fiber on data recovery. 

Fiber optic transmitters also contain emitter coupled 
logic drive circuitry for high speed modulation of the 
laser source, monitoring and control circuitry to main- 
tain the proper relationship between laser drive current 
and optical power output, and randomization circuitry 
to ensure clock recovery at the receive end of the fiber 
span. Fiber optic receivers use either PIN or avalanche 
photodiodes as light detectors. Avalanche photodiodes 
offer threshold levels up to 20 dB better than PIN 
photodiodes and are therefore used in high performance 
systems. Transimpedance amplifier circuitry is used to 
raise the photodiode current output to voltage levels re- 
quired by the emitter coupled logic hardware, whereas 
clock recovery and derandomization circuitry are used 
to provide the final received data output. Both injection 
laser diodes and avalanche photodiodes are commer- 
cially available from multiple sources. 


Performance of 
Current Fiber Optic Systems 


Data rates of 400M bits/s (Japan) and 322M bits/s 
(Canada) have been achieved in systems that have been 
installed and are operational. Since the required cable 
bandwidth is proportional to the system data rate span 
length product, higher data rates require higher cable 
bandwidths for equal span lengths. At data rates above 
100M bits/s, achievable cable bandwidths dominate 
system design constraints since, at these data rates, 
systems are more limited by dispersion than they are by 
attenuation. For systems using data rates below 100M 
bits/s, cable attenuation is the most significant 
parameter limiting span length. Attenuation is specified 
in terms of decibels per kilometer and varies linearly 
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Fig 3. Multimode propagation paths. Parabolic in- 
dex of refraction profile equalizes transit times to 
prevent dispersion and allows alternate internal 
reflection paths 
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Fig 4 Typical fiber optic cable. Cross section of 
general purpose cable shows six jacketed optic 
fibers with other protecting and binding materials 
that resist crushing, icing, and mechanical 
damage 
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with cable length, while cable bandwidth is specified in 
megaHertz per kilometer and can be calculated by 
multiplying the required span bandwidth by the ef- 
fective cable length obtained from charts. Premium 
multimode cables available today have attenuation of 
less than 3 dB/km and bandwidths exceeding 
800 MHz/km. 

Unlike microwave systems in which free space propa- 
gation anomalies can cause transmission outages, fiber 
optic system availability depends only on equipment; 
proper cable selection controls the effects of the propa- 
gation medium on performance. Present predictions for 
fiber optic cable life exceed 20 years without deteriora- 
tion in performance. 

Electronic components that are unique to high data, 
high bandwidth fiber optic systems include the injection 
laser diodes and avalanche photodiodes just mentioned. 
Although both of these components are solid state 
devices with inherently long performance lifetimes, until 
recently the injection laser diode has exhibited poor 
lifetime performance due to poor heat dissipation. Pres- 
ent measured lifetimes on individual devices are in the 
tens of thousands of hours with predictions (based on 
accelerated lifetime tests in the laboratory) of hundreds 
of thousands of hours. Conservative designs use ther- 
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moelectric cooling devices to control injection laser 
diode junction temperatures; however, increased 
availability can be obtained by incorporating 
automatically switched redundant protection circuitry 
into the system design. 

System transmission quality standards are expressed 
in terms of bit error rate. The Bell System has estab- 
lished a fiber optic system bit error rate standard of 
10-'° (ie, a maximum of 1 bit error for every 10G bits 
transmitted). Such performance is determined by the 
transmitter optical power coupled into the fiber, the op- 
tical detector receiver threshold, the cable atttenuation, 
and the cable bandwidth. 


Conclusions 


The future of fiber optic systems in high density digital 
telephone trunks is quite bright. All new and replace- 
ment high density digital transmission cable systems 
may eventually be implemented using fiber optic 
technology because of the greater capacity in less 
physical space at a potentially lower cost. When this 
lower cost potential will be fully realized is a matter of 
conjecture, but there are encouraging trends. Unlike 
that of copper cable, the price of fiber optic cable is 
declining. Similarly, as large scale integration 
technology matures, the cost of the multiplexing elec- 
tronics required to take full advantage of fiber optic 
transmission will also decline. Fiber optic technology is 
not simply a fad but is in fact a revolutionary advance- 
ment in data processing and communications elec- 
tronics. Practical, economically viable systems exist to- 
day for many high density digital trunking applications. 
In the future, this technology will not only meet pres- 
ently conceived applications but will undoubtedly 
stimulate the generation of additional applications and 
application concepts. 


This article is based on an earlier article entitled ‘‘Fiber Optic Digital 
Telecommunications Systems,’’ which appeared in the Raytheon 
publication Electronic Progress, vol xxi1,no 1, Spring 1980. 


Since 1977, Gayton H. B. Yancy has worked for the telecommunica- 
tions product line at Raytheon Data Systems as wideband digital 
systems program manager, government marketing manager, and fiber 
optic product manager. He received a BS and a BA in physics from 
Brown University and is a graduate of the Raytheon Engineering 
Management Program. 
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The printhead on the Facit 4540 Serial 
Matrix Printer is so advanced, it practically 
thinks for itself. 

A new concept of printhead design 
uses 9 stored force flexible hammers to 
print a 9 x 9 dot matrix pattern bi-direction- 
ally at 250 cps. : 

The printhead movements have been 
reduced to a minimum. The printing princi- 
ple assures extraordinarily long printhead 
life. With no adjustment, no lubrication and 
practically no wear. In fact, outstanding 
sharp and consistent printing results are 
guaranteed for more than a minimum of 
500 million characters before any service 
might be required on the printhead. 

The Facit 4540 is a prime example of 
the integration of mechanics and electron- 
ics which has made Facit peripheral data 
products world famous. 
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printer speed. 


Write for more detailed information on 
how the 4540 Printer can get the most out 
of your system. 

Facit, Inc., 66 Field Point Road, 
Greenwich, CT 06830 


FACIT 
[OD Z4NUZAN 
PRODUGTS 


CIRCLE 29 ON INQUIRY CARD 


Quick, 


name a supplier 
other than Cermetek 
that offers _ 
an easy-to-design-in, 
500-baud modem chip set 


for under $1 


Actually, we’re hoping you 
can’t name one. Because that 
could indicate you’ve been avoid- 
ing the mysteries of designing 
modem hardware into your 
products. 

That’s good for us, since our 
complete, easy-to-design-in, 300- 
baud modem chip set removes 
that mystery. And— at less than 
$100 in volume— it offers a 
quick way for your products to 
enter the world beyond the 
RSRSe2 connector. 

That world could signifi- 
cantly expand the market for 
your products— especially if 
you're building terminals, indus- 
trial controllers, or personal 
computers. How? By offering 
your customers a more complete 
system. By improving the level 
of integration in your products, 
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with fewer components. By 
increasing the value added to 
your products, thus allowing 
higher profit margins. That’s 
what our modem chip sets do. 

A quick way to find out 
how they can add 300-baud 
modem capabilities to your next 
product— without having to 
design, buy or specify one— is to 
order our Evaluation Kit, listed 
below. Just return the coupon 
with payment to Cermetek, Inc., 
1308 Borregas Avenue, Sunny- 
vale, CA 94086. Or call (408) 
754-8150. 

By the way, we also offer nine 
other modem . 


| Cermetek 


(88 microelectronics 
A subsidiary of Timeplex, Inc. 
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ge Chip sets,in case 


our 103-F compatible one doesn’t 
meet your exact needs. Plus 
engineering assistance to guide 
you through the prototyping 
sequence. So you don’t just get 
parts: you also get a whole lot of 
modem design experience. 


| Quick, send me one of the following: | 
() Modem Evaluation Kit (300-baud modem, 
103-F compatible; answer/originate; includes 
chip set, PC board and connector). Limited 
time offer: $149.00 
() Modem data sheets and application notes on 
all Cermetek 300-baud modem chip sets. 


Enclosed is a check or money order for $149.00 


Name/Title 


Company 


City/State/Zip 


Phone (area code ) 


Credit Card Number * 


Expiration Date 


| Address 


Signature 


“Indicate type of Credit Card MC/Visa. 
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DUAL-SPEED ALTERNATE VOICE/DATA 
MODEM REDUCES SUPPORT 


REQUIREMENTS 


Fulfillment of unusual transmission requirements through use of dual 
speed alternate voice/data modem achieves a remote diagnosis and 
support capability and reduces the number of service calls 


Christopher A. Cox 
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A. minicomputers and small business systems decline 
in cost and become easier to use, they are being installed 
by companies that have never before owned computers. 
Once these entry level users become familiar with their 
equipment, they often add a communications capability 
to exchange data with other locations. Of course, as 
with larger mainframes, small systems require support 
in such areas as maintenance, diagnostics, and software. 
Original equipment manufacturers and systems houses, 
who usually sell and support these small systems, often 
have only a limited staff for onsite customer support; 
therefore, onsite help for end users is often spotty, 
despite the fact that entry level customers need extensive 
help in the period immediately following installation of 
new equipment as well as when system malfunctions 
occur. To provide this support, systems houses require a 
means to serve their customers while operating within 
limited budgets. Because extensive site visits by field 
support representatives are cost-prohibitive, an attrac- 
tive alternative incorporates the communications capa- 
bilities frequently added to entry level systems, by using 
the automatic voice/data FCC registered, dial line 
modems to link a central support site to the remote 


users. In addition, these modems are used to debug and 
quickly update application software. User software is 
analyzed and corrected by centrally based experts. And, 
although relatively slow, complete programs can be 
downline loaded for less than the cost of an onsite visit. 

Use of a communications link for customer support 
presents unusual transmission requirements. Relatively 
small amounts of data, consisting primarily of requests 
for system status information or detailed operating 
statistics, pass from the diagnostic site to the user loca- 
tion. Most data transmitted from the support center to 
the equipment site, however limited in volume, elicit a 
much larger and more detailed reply that must be trans- 
mitted in the opposite direction, from the user site back 
to the support center. 

Since video terminals are common features at both 
central support sites and remote user locations, they are 
used to handle the diagnostic probes and resulting data 
replies. Because they display the test data, the transmis- 
sion speed inbound to the diagnostic center must be fast 
enough to move a significant volume of information in 
a short time. Furthermore, the diagnostic center must 
service multiple users; therefore, individual customer 
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sessions must be of limited duration. Setting the higher, 
inbound data speed at 2400 bits/s represents the op- 
timum tradeoff between data transmission rate and 
modem hardware cost (Fig 1). 

At 150 bits/s, the lower outbound transmission speed 
is sufficient to handle keyboard entries from the 
diagnostic center and reflects an established rate in 
existing split speed modems that use the slower reverse 
channel capability for testing. Use of established designs 
reduces engineering costs, and the 150-bit/s rate suffices 
to transmit the relatively short test commands and data 
requests outward from the diagnostic center. 

Apart from split speed operation, voice coordination 
before and after the transmission of system data is 
always desirable. A voice interchange can initiate com- 
munication for purposes such as defining a system prob- 
lem and requesting user assistance, troubleshooting, or 
downline loading of software upgrades. With voice in- 
terchange, calls are typically initiated via conventional 
dial-up and voice procedures. The interchange that ini- 
tiates the call is then interrupted for periods of data 
transmission, and after each of these, voice mode is 
again established. 

Only at infrequent intervals is it necessary to establish 
communication between an equipment site and the 
diagnostic center. For this reason, and because the sup- 
port center must service a maximum number of user 
sites, privately leased telephone lines and the computer 
data ports they tie up would prove far too costly. This 
leaves dial-up telephone lines as the best communica- 
tions option. Also, because entry level users tend to 
have a limited number of dial-up lines, alternating voice 
and data mode within a single interchange avoids the 
need for two separate communications links (Fig 2). An 
FCC registered modem with telephone company jacks 
makes user installation easy and eliminates direct access 
arrangements. 

Alternate voice/data capability has been implemented 
before in modems, but the earlier versions included only 
manual switches that simultaneously had to be set to the 
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required mode by operators at each end of the link. 
Automatic switching from voice mode to data mode and 
back introduces some unusual features into the unit. 
Once a call is initiated, the modem pair operates in its 
normal, voice mode. Then, when an operator at one end 
of a link keys a command into the terminal, signals 
transmitted to the distant modem effect the switch to 
data mode before the digital signals are received. Once a 
data transmission is complete, the sending modem 
generates a soft cafrier tone to prevent extraneous 
characters from being received at the remote end, ensur- 
ing an error free transition from data mode back to 
voice mode. This automatic switching provides easy to 
use and reliable alternate voice and data transmissions. 

As with other modems, the alternate voice/data units 
must be used in pairs; however, because of the dual- 
speed capability, only complementary units can operate 
together. In other words, a 2400-bit/s transmitter and a 
150-bit/s receiver can operate only with a 2400-bit/s 
receiver and a 150-bit/s transmitter at the other end of 
the data link. The higher speed transmission uses serial 
synchronous mode, while the lower speed transmission 
uses serial asynchronous mode. In effect, two complete 
modem pairs are operating over a single link with full- 
duplex capability. 

Since conventional loopback testing is not possible 
because of the different data speeds being used, the unit 
includes manual test sequences during which either 
transmit or receive mode can be monitored by the in- 
troduction of separate test patterns. Both data sets in an 
operating pair have a 7-position audio monitor switch 
for testing. This switch is used to select the source to be 
monitored by telephone. 

Although designed for the specific dial-up diagnostic 
application, features of the alternate voice/data modem 
suggest that it can be adapted for other uses with 
relatively minor modifications. From a design stand- 
point, the dual data speeds could be changed to other 
data rates without significant problems. Moreover, the 
device could be adapted for use on private lines where 
alternate voice/data mode is indicated. Split speed com- 
munications links should also grow in importance as 
designers explore ways to get more efficient use out of 
existing facilities. Certain applications have operating 


Fig 1 Split speed operation 
aids diagnosis. Only small 
quantities of data originate at 
diagnostic center; however, 


these can be inquiries that 
typically require much larger 
transmissions in response 


COMPUTER DESIGN/NOVEMBER 1980 


CD DATACOMM 


DIRECT DISTANCE DIALING, 
FULL DUPLEX 


poy FCC REGISTERED TELEPHONE 


ie Poo 


FCC REGISTERED TELEPHONE 


ONLINE DIAGNOSTICS 
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patterns that lend themselves to dual-speed operation, 
some of which are in emerging telecommunications 
areas where the capabilities of the alternate voice/data 
modem may help to accelerate user acceptance. 

Among the more promising applications is the 
Viewdata type of service providing low cost, inhome ac- 
cess to an extensive, consumer oriented data base, cur- 
rently undergoing tests in Europe, Canada, the United 
States, and elsewhere. When used in residential en- 
vironments, this consumer service exhibits many of the 
characteristics that require a dual-speed alternate 
voice/data modem, such as inquiries that can be 
established via conventional dial-up telephone links in 
voice mode and interactive sessions involving short, low 
speed data transmissions from the home to the data 
base, and longer, higher speed transmissions from the 
data base to the home television set. Many of the tests 
are now conducted exclusively in data mode through use 
of special terminals and split speed modems. A device 
such as the alternate voice/data modem would allow 
consumers to interact with the service providers in voice 
mode for special or nonstandard inquiries. 
special or nonstandard inquiries. 

Electronic mail applications in office automation 
systems typically use only data mode and exhibit short 
inquiry, longer response sequences suitable for split 
speed operation. With voice mail applications at the 
threshold of widespread usage as an addition to conven- 
tional electronic mail, it is possible that an alternate 
voice/data capability could spur voice/electronic mail 
applications because certain types of messages are more 
effective when delivered orally. 

The dual-speed, voice/data features are also seen as 
an adjunct to certain forms of teleconferencing. Full 
motion video teleconference links using wideband com- 
munications facilities are still cost prohibitive for many 
companies. Among the alternatives are public tele- 
conference facilities such as those being researched by 
large motel chains. Some of these systems will offer one 
way video with dial-up telephone links used for the 
return communication path. With voice/data modems, 
the dial-up links could support both voice and data. 


AREA SUPPORT CENTER 


Fig 2. Alternate voice/data operation simplifies in- 
teraction. Used in complementary pairs, 2400-bit/s 
transmitter and 150-bit/s receiver communicate 
with 2400-bit/s receiver and 150-bit/s transmitter, 
achieving two complete modems in_ full-duplex 
operation 


Another form of teleconferencing involves voice only 
meetings and relies on dial-up facilities for an expanded 
version of the conference call. The introduction of 
voice/data modems with dual-speed operation might 
facilitate the addition of facsimile or other data devices 
to such calls at relatively small additional cost. Other 
applications such as credit verification, timesharing, 
and inquiry/response systems suggest that the alternate 
voice/data modem may have spawned a new generation 
of more efficient modem designs. In fact, the diagnostic 
systems house applications for which the device was 
designed may be only the first of many uses to which it 
can be adapted. 


Christopher A. Cox is the technical specialist for Intertel’s OEM 
Marketing and Sales groups. A graduate of the Kingston College of 
Technology in Surrey, England, where he received Associate Member- 
ship in the Institute of Electrical Engineers, United Kingdom, he is 
responsible for new product planning for standard and custom 
modems, and OEM product marketing. 
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COMMUNICATIONS EXECUTIVE 
IMPLEMENTS COMPUTER NETWORKS 


Portable software subsystem creates a self-contained data 
communications environment that handles a range of equipment under 
most realtime operating systems and layered network protocols 


John Forecast 
James L. Jackson 
Jeffrey Schriesheim 


Digital Equipment Corporation 
146 Main St, Maynard, MA 01754 


Ni ore and more computers of all sizes and types to- 
day are expected to participate in computer networks to 
some degree. Network participation requires a number 
of communications functions that enable user programs 
on any one computer to exchange data with user pro- 
grams on any other computer in a network. However, 
many of the operating systems currently installed on 
various computers lack a network communications 
capability. Collectively called the Communications Ex- 
ecutive, a group of software modules creates an en- 
vironment within which data communications software 
can execute in cooperation with an operating system. 
Tailored to the needs of the communications software, 
the special environment shields data communications 
programs from involvement with internal mechanisms 
of the host operating system. Just as the operating 
system supervises execution of user programs on the 
computer, so the Communications Executive supervises 
execution of data communications software. Together 
with the software it manages, the Communications Ex- 
ecutive can be considered a dedicated communications 
subsystem. 

Development of the Communications Executive 
(CommExec) addressed several objectives intended to 
ensure its broad applicability in meeting both present 
and future needs. Major hardware oriented objectives 
included applicability to the entire PDP-11 computer 
family, potential for extension to other computer archi- 
tectures, operation on either small host computers or 
frontend processors within larger computer systems, 
and the ability to handle a full range of communications 


equipment from simple character interrupt devices to 
microprocessor controllers. Software objectives in- 
cluded compatibility—at least in concept—with any cur- 
rent DEC operating system and with any layered com- 
munications protocol, regardless of hardware environ- 
ment. To make effective use of computer resources, the 
CommExec was also optimized for fast execution, effi- 
cient use of central processing unit (CPU) time, and 
minimum use of physical memory space. In the long 
run, it was designed as a flexible, modular system that 
would accommodate changing hardware and software 
tradeoffs. 

First implemented under the RSX-11 family of realtime 
operating systems, the CommExec supports operation 
of the DECnet implementation of digital network archi- 
tecture (DNA) as well as other hierarchical layered net- 
work software such as CCITT Recommendation X.25. 
Although specifically applicable to DNA, the relation- 
ships between the various protocol layers are represen- 
tative of virtually any hierarchical network software 
(Fig 1). The highest layer contains the user programs 
through which access to the computer network is ob- 
tained. A network management layer includes all soft- 
ware modules used to monitor and manage the network. 
Next, the network application layer contains software 
modules supplied by a vendor to provide network appli- 
cation functions such as remote file access and file 
transfer. Between the three user oriented layers just 
described and the four system oriented or kernel layers 
below, a session control layer includes all operating 
system dependent functions that are involved in net- 
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Fig 1 Digital network ar- 
chitecture. Hierarchical, 
layered configuration in- 
cludes three user layers 
(at top), supervisory layer, 
and four system or kernel 
layers (at bottom). 
Although specifically ap- 
plicable to DNA, relation- 
ships between protocol 
layers could represent vir- 
tually any hierarchical net- 
work protocol 


Fig 2 Typical generic 
functions. Common to 
all communications pro- 
cesses in layered hierar- 
chy, generic functions 
such as transmit enable 
and transmit complete 
permit processes to 
cooperate when_han- 
dling inbound or out- 
bound data 


work activity. Software for handling network input/ 
output (I/O) requests, controlling access, and initiating 
network tasks in response to received connects resides in 
the session control layer. 

Supervising interprogram communication between 
computers in the network, an end to end communica- 
tions layer creates, manages, and erases logical links 
that form virtual communications paths between 
cooperating programs running on different computers. 
The next kernel layer, the transport layer, moves 
message packets between source and destination com- 
puters within a network. A data link layer ensures error 
free transmission of message packets across the com- 
munications medium, and a physical link layer contains 
software that performs the actual message transmission 
and receipt. 


Communications Processes 


In any architecture such as DNA, network software com- 
prises a number of communications processes that func- 
tion identically in the communications subsystems of 
computers at all nodes in the network (Fig 2). A com- 
munications process is simply a collection of software 
modules that share a common identity. All of the 
modules are scheduled together; when necessary, their 
context is saved and they are suspended together. When 
running, a particular communications process executes 
at a particular priority relative to other processes within 
the communications subsystem. Processes remain 
unaware of the priority at which they or other processes 
execute. In fact, although it is never called upon to 
preempt itself and so need not be reentrant, a process 
can run with different priorities at different times. 

A communications process is sequentially queue 
driven, beginning execution of requests in the order in 
which the requests were received. Although an interrupt 
driven approach might at first seem more natural, the 
queue driven approach is most consistent with a 
modular implementation strategy and allows tighter 
control of interfaces between the layers. Interrupts 
originate only in interface devices driving physical lines, 
where they are required to avoid loss of data inbound 
from the network. 

In addition to being sequentially queue driven, a com- 
munications process is channel oriented. It deals with 
one or more channels, each associated with a physical or 
virtual communications path within the network. A 
communications process is always scheduled to perform 
services for one channel at a time; within a communica- 
tions process, unique but identically formatted data 
bases define each channel. 

Whatever specific operations the hierarchical struc- 
ture of Fig 2 performs in each communications process, 
a set of generic functions common to all communica- 
tions processes permits them to cooperate when han- 
dling message traffic. Moving from top to bottom 
within the hierarchy, these generic functions are control 
enable, receive enable, transmit enable, and exceptions. 
Moving upward from the lower level communications 
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processes, the generic functions are, as one would ex- 
pect, control complete, receive complete, transmit com- 
plete, and exceptions complete. 

Generic functions implement the conceptual model 
that defines the communications subsystem. In the 
model, a process (either a communications process or a 
user program) represents either a source or a sink for a 
stream of data associated with a particular channel at 
any particular moment. Similarly, the model assumes 
that the computer is linked to a network that directs 
data from a source communications process to a sink 
communications process. Messages en route from a 
source to the network are outbound data, and messages 
en route from the network to a sink, inbound data. Ow- 
ing to the hierarchical relationship among communica- 
tions processes, both outbound and inbound data will 
be handled by more than one process. 

For outbound data, a transmit enable request is 
passed from one communications process to another 
until, typically, the data pass through a device handling 
process. Once the data have been transmitted out of the 
node and into the network, the device handling process 
returns a transmit complete request to the communica- 
tions process above it in the hierarchy. The sequence of 
communications process interaction is then reversed, 
and the user program is finally informed. At each layer, 
protocol characteristics determine when completion will 
be propagated up to the next layer. Similarly, control 
function requests can be issued downward through the 
hierarchy, and control complete acknowledgments pro- 
pagate back up to the requesting user program. 

Data are handled differently in the inbound direction. 
Device handling processes know nothing about either 
the length of messages they will next receive or their ex- 
act time of arrival. To maintain communication with 
the network, therefore, the communications process 
must continuously attempt to receive messages, pro- 
vided only that it has adequate buffer space. Except 
when servicing interrupts, a device handling process 
always runs at the hardware priority of the device it is 
handling. 

In the RSX-11M implementation, the three lowest 
layers of the communications hierarchy include three 
classes of communications processes, usually with more 
than one process in each layer (Fig 3). A device driver 
module (DDM) controls a particular type of line interface 
device, such as a multiplexer or a single line interface. 
The device can be synchronous or asynchronous, serial 
or parallel. Channels handled by a DDM are the one or 
more communications lines controlled by the interface 
device. A DDM executes as a result of either a device in- 
terrupt or a scheduling request from a data link control 
module. 

Second among the three classes of communications 
processes within the kernel levels, a data link control 
module (DLC) implements a particular data link pro- 


tocol. Channels handled by a DLC are the communica-. 


tions lines on which the protocol is implemented. A DLC 


communicates with a DDM on one side and a logical link 
control module on the other. Both DLCs and DDMs have 
data bases (line tables) used to manage each of their 
associated communications lines. 

A logical link control module (LLC) implements the 
packet level protocol used on a particular channel, 
which at this level is a virtual communications path. 
Each LLC communicates with a DLC on one side of the 
communications path and with a user program on the 
other side. 

Since communications processes provide the required 
generic functions, the communications hierarchy is en- 
tirely modular; any process within any of the three 
lower layers can be replaced by another module that 
performs an equivalent function in a different way. For 
example, a process that implements the digital data 
communications message protocol (DDCMP) can replace 
a process that implements the synchronous data link 
control (SDLC) protocol. Or, both DLC and DDMs can be 
replaced by a DMC11, an intelligent hardware interface 
that performs both functions. 
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Fig 3 CommeExec interface. Deliberately restricted to 
achieve portability, interface between CommeExec and 
operating system supports timer and scheduling requests. 
Three types of communications processes interface direct- 
ly with CommExec, whose internal data bases define func- 
tional control paths between processes 
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CommExec interfaces communications processes with 
the operating system, supervises communication be- 
tween processes, and manages the process buffers. It 
also provides a set of utility subroutines that perform 
such operations as cyclic redundancy checking. No data 
pass between the CommExec and the operating system; 
instead, the interface consists of only two specific con- 
trol functions, request scheduling and timer support, 
both of which require the CommExec to initiate action 
among communications processes. Whenever one com- 
munications process queues a request to another, the 
operating system signals the CommExec by means of a 
scheduling request so that it may process all requests in 
the communications process queues. The timer provides 
a signal for action once every second, and that signal is 
passed on to all communications processes requesting 
timer support. The one-second timer interval reflects a 
tradeoff between CPU utilization and responsiveness 
when servicing network software; it is long enough to 
prevent the operating system from spending excessive 
time on CommExec service, but short enough to make 
the communications subsystem adequately responsive. 

Managing communications between processes is 
largely a matter of controlling the movement of requests 
and completions from individual processes to other pro- 
cess queues. Requests take the form of communication 
control blocks (CCBs). These small, fixed format buffers 
contain a function field, designate the channel on which 
the function will be performed, and supply a field for 
returning the status of the completed operation. Func- 
tion codes cover both generic and control operations 
(eg, reporting the status of modem signals and starting 
device dependent transmission on specified lines). Once 
a source process has placed a CCB on the queue of a 
destination process and the destination process has been 
scheduled, the CommExec removes the CCB from the 
queue and uses the CCB function code as an index into a 
dispatch table within the destination process. Therefore, 
although CCB function codes are the same for different 
processes, the operation to be performed can vary. For 
example, the transmit enable function instructs a DLC to 
add a protocol header to a message, and the same func- 
tion code directs a DDM to place the message on a 
physical device. 

Buffer management operations allocate space in a 
buffer pool for storing various types of messages that 
consist of data and control information received from 
or destined for other nodes in the network. There are 
three types of buffers for data and control messages. 
Small buffers handle small message transmissions, 
typically a few bytes of control information passing 
among communications processes at different nodes. 
Large buffers, typically about 280 bytes in size with 256 
data bytes and the remainder serving as protocol 
overhead, contain outgoing messages of various sizes. 
Since the exact size of a transmit message is known to 
the CommExec, outgoing messages can be allocated to 
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either small buffers or large buffers, using available 
memory most efficiently. Because the size of large buf- 
fers is user defined, network managers can trade the 
protocol efficiency of large buffers for the reduced error 
rate of small buffers. The third buffer type, a receive 
buffer, accommodates variable length messages re- 
ceived from a physical line. A device handling process 
must buffer incoming data in the largest available buf- 
fer. Receive buffers are therefore the same size as large 
buffers. 

Included in the CommExec, a number of data bases 
functionally describe the control paths of data between 
communications processes. Data bases maintained for 
any particular process relate to the type of channel that 
the process serves: physical devices for DDMs, data links 
for DLCs, and logical links for LLCs. DDM data bases in- 
clude error counters for devices, and DLC data bases in- 
clude protocol error counters, definitions of stations on 
multidrop lines, and polling parameters. For LLCs, data 
bases include logical link states, numbers of messages 
outstanding, and the number of the next message ex- 
pected. 

The restricted interface between the CommExec and 
the operating system permits the CommExec to operate 
under virtually any operating system without substantial 
modification. Timer and scheduling request signals that 
initiate CommExec action are basic elements of most 
operating systems, and the CommExec requires no 
other functions. Process context handling further 
demonstrates the value of a narrow interface between 
the operating system and the CommExec. Since a com- 
munications process cannot be reentered and its execu- 
tion cannot be interrupted by another process, context 
handling within a process is greatly simplified and 
therefore significantly faster than context switching for 
user programs. Moreover, the CommExec manages 
communications process context independently of the 
scheduler in the operating system. Had the communica- 
tions subsystem instead been implemented using only 
context switching support provided by the operating 
system, far more overhead would have been incurred. 


Communications Tasks 


Interaction between a task and the communications sub- 
system determines how a user program obtains access to 
communications services and is almost as important as 
the relationship between the operating system, the 
CommExec, and the communications processes. To 
allow easy communication between user programs and 
other network programs, the program interface for ob- 
taining network services is consistent with the interface 
to local devices. Under RSX-11M, for example, the inter- 
face between programs and the communications sub- 
system uses the standard queue input/output (QIO) 
mechanism that allows device specific functions. Thus, 
a printer device can write a record; a disc can read or 
write a block; and a network can connect to a specified 
program, transmit or receive data, and disconnect from 
the program. Through use of the QIO mechanism, the 
entire communications subsystem appears to user pro- 
grams as a single device. 
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When a QIO is issued (Fig 4), some initial validation is 
performed by the operating system and the network user 
interface. The LLC is notified of each valid request. It 
interprets each request and, in general, issues one or 
more CCBs to the DLC layer. Some time later, when the 
request has been satisfied, the user task receives details 
of request completion. For example, to receive data, a 
QIO may indicate completion with 256 bytes received, or 
it may indicate failure because the logical link was 
destroyed. 

Suppose that a user program issues a request for the 
communications subsystem to obtain a quantity of 
data—some number of messages or packets—from a 
computer at another node in the network. Assume, also, 
that connect and accept messages have been exchanged 
with the other node, and that a number of transmit and 
receive operations will occur until the task is completed 
and a disconnect is accomplished. Necessarily omitting 
many details, the sequence of operations begins when 
the user program issues an Operating system request to 
transmit a block of data. The user interface translates 
this request into a CCB, which it passes on to the LLC for 
processing. After adding its own protocol to the data, 
the LLC places the CCB on the DLCs queue with a 
transmit enable function code. In turn, the DLC appends 
its own level of protocol to the data and queues the buf- 
fer to the DDM, which accepts the transmit enable CCB 
and places the data on the communications channel. 

When the data packet arrives at the receiving com- 
puter, the DDM places the message in a receive buffer 
and queues it to the DLC with a receive complete func- 
tion code. The DLC strips off its own level of protocol 
and queues the message to the LLC. The LLC removes its 
layer of protocol and matches the message with a receive 
request previously issued by the user program running 
on the receiving computer. This I/O request specifies the 
final location of the data message, which will be copied 
before the user program on the sending computer is 
notified of successful I/O completion. 


Summary 


Most operating systems lack a built-in communications 
capability and therefore cannot perform the basic func- 
tions required by a user program to exchange data with 
other programs running on other computers in a net- 
work. Designed as a general purpose communications 
subsystem, the CommExec structural model creates a 
data communications environment in cooperation with 
virtually any operating system using any hierarchically 
layered protocol. A current implementation runs on any 
member of the PDP-11 family and is extensible to other 
architectures, either in small host processors or frontend 
processors on larger machines. Its ability to handle the 
full range of communications devices combines with a 
deliberately restricted operating system interface to 
achieve a flexible, modular network communications 


capability. 


LOGICAL LINK 
CONTROL 
MODULES 


COMMUNICATIONS 
SUBSYSTEM 


COMMUNICATIONS 
EXECUTIVE 


DEVICES INTERFACED 
TO 
COMPUTER NETWORK 


Fig 4 User program interface. By generating QIO, 
user program requests communications subsystem 
to initiate data exchange with another network 
node, following same procedure used to com- 
municate with local peripheral device 
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Now, a powerful Data 
Analyzer you don’t have to 


be an expert to operate. 


Introducing the INTERVIEW ° 3000 series programmable 
Data Analyzer and selective recorder. 


The INTERVIEW 3000 series Data Analyzer is by far the 
easiest to use, yet most powerful programmable 
device on the market. Data Analyzer so advanced, 
that even inexperienced users can operate it almost 
instantly. 


Breakthrough in simplicity of operation through self- 
teaching displays, color coded keyboard with clear- 
ly labeled function keys. Free training tapes for 
Async, Bisynce and BIT oriented protocols dramatical- 
ly reduce training time. 

New dimension in diagnostic power.The INTERVIEW 
3000 series is a microprocessor based, program- 
mable real-time monitor providing the user with a 
new concept in non-sequential programming, 
eliminating the need for the user to learn programm- 
ing terms or techniques such as, jumps, subroutines, 


WOE = IC 


Atlantic Research Corporation 
Teleproducts Division 


AR 


interrupts or macro instructions. The user simply 
specifies up to 8 ‘‘trigger’’ conditions to cause 
desired actions. 


Network performance measurements. Statistical 
measurements by counters and timers can be 
observed and modified anytime in the test. 


Self-documenting tapes for field support record all 
test conditions, simplifying analysis and replay. Test 
program tapes can be duplicated in seconds, for 
rapid distribution to field service personnel. Tapes 
store 4 megabits of data and interface status. 


The INTERVIEW 3000 series Data Analyzer. A new 
dimension in data monitoring simplicity and power. 


We'd like to tell you more. Call our representative 
today. 


- 
; 
CF CECT C=) 


5390 Cherokee Avenue, Alexandria, Virginia 22314 Telephone: (703) 642-4000 TWX: 710-832-9828 Repes i; : | 
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PERFORMANCE MEASUREMENT IN 
DATA COMMUNICATIONS NETWORKS 


Evolving data communications technology has created a need for 
network performance measurement tools and techniques that help 
establish the cost of specific improvements in performance 


David B. Kirby 


TeleProcessing Products, Incorporated 


4565 E Industrial St, Simi Valley, CA 93063 


Bon rocmance measurement as applied to data com- 
munications networks is a relatively new concept. 
Historical perspective on the industry helps to explain 
this obvious anomaly in a marketplace where more than 
$8 billion is spent annually on equipment and services—a 
market that accounted for less than $1 billion ten years 
ago. The current explosion in data communications 
technology began in 1968 with the so-called Carterphone 
decision. Up until that time, American Telephone and 
Telegraph permitted only equipment that had been 
manufactured or approved by its subsidiary, Western 
Electric, to be attached to its telephone lines. From the 
user’s point of view, this was tantamount to renting elec- 
tric appliances from the power company. 

Prior to the Carterphone decision, commercial data 
communications was limited, for the most part, to low 
speed (1200-bit/s or less) asynchronous networks of a 
more or less specialized nature and to batch oriented 
point to point systems operating at 2400 bits/s. Vir- 
tually all of these applications used Bell System 
modems and lines; in the event of problems, the user’s 
only recourse was the local telephone company. High 
speed modem technology had not progressed much 


beyond 2400 bits/s, and any increase in traffic required 
a relatively expensive dedicated telephone line as part of 
the incremental cost of expanded service to remote sites. 

The Carterphone landmark made it financially attrac- 
tive for independent manufacturers to develop higher 
speed modems for the commercial marketplace. Within 
the next few years, several companies introduced 
reliable 4800-bit/s modems for use on dedicated cir- 
cuits, realizing the tradeoff between increased initial 
equipment cost and the ongoing cost of additional 
dedicated circuits. As so often happens, increased 
capability led to increased demand, and this same 
period saw a proliferation of high speed data circuits, an 
extraordinary growth of the demand for 4800-bit/s 
modems, and considerable pressure in the marketplace 
for even higher speed modems (Fig 1). 

During these early years, when dedicated data circuits 
were inherently unreliable and 4800 bits/s represented 
current state of the art in modem technology, maintain- 
ing data link integrity was a primary concern. Although 
by this time network users had gained considerable in- 
sight into cost factors and some degree of control over 
costs, performance was largely a matter of being up or 
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BILLIONS OF DOLLARS 


NETWORK REMOTE DIAGNOSTICS 


4800- AND 9600 -BIT/s DATA RATES 


1968 1970 1972 1974 1976 1978 


being down, and the latter always meant trouble. There 
was much pressure to keep things running, but little in- 
centive to evaluate network performance. 

In response to the growing need for performance 
measurement, manufacturers began to address the 
problems of network maintenance and the need for net- 
work diagnostics during the early 1970s. Initial solu- 
tions took the form of external equipment such as bit er- 
ror rate testers, which could be inserted into a data link, 
and test modes and sequences built into the modems or 
terminals, used as troubleshooting aids. Both methods 
presented two serious drawbacks. First, the existence of 
a problem (ie, the presence of an inoperative terminal) 
had to be established by some means other than test 
equipment before the test equipment or procedure could 
be implemented. Second, early diagnostics interrupted 
the data link during the testing period. 

Nevertheless, the availability of test equipment and 
procedures contributed substantially to network reliabil- 
ity and helped to trigger the next round of expansion in 
the marketplace. Other major factors in this new expan- 
sion included development of reliable 9600-bit/s 
modems; online high speed multipoint networks; and 
widespread availability of moderately priced, semi-intel- 
ligent terminals capable of operating in such networks. A 
key to this growth was provided by the semiconductor in- 
dustry in the form of reliable large scale integration com- 
ponents and increased microprocessor capability. 

By the mid-1970s, medium and high speed multidrop 
networks supporting hundreds of remote locations were 
not uncommon. Planning and implementation of such 
networks typically involved the evaluation, procure- 
ment, and eventual tying together of equipment and ser- 
vices from at least five or six different vendors. Conse- 
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REMOTE MULTIDROP NETWORKS 


1980 


CENTRALIZED REMOTE DIAGNOSTICS 


Fig 1 Growth in data communications 
marketplace. Historical perspective ex- 
plains why performance measurement is 
new concept in what has grown to be $8 
billion industry 


quently, successful network management required 
equipment and techniques not previously available. 

The latter 1970s saw the development of sophisticated 
network control centers capable of conducting extensive 
network diagnostics from the central site on a largely 
noninterruptive basis and of isolating remote site equip- 
ment problems as well as line problems in a very short 
period of time. Such diagnostic centers were generally 
microcomputer or minicomputer based and used a low 
speed secondary data channel on the same telephone cir- 
cuit as a remote site reporting mechanism. Usually, ex- 
tensive provision was made both for line monitoring of 
analog and digital links and for reconfiguration through 
switching or patching. 

For some years it has been possible to predict and 
control the cost of networks with reasonable accuracy. 
As costs have accounted for an ever increasing percen- 
tage of data processing budgets, management has 
become more conscious of the need for cost/perfor- 
mance comparisons in the planning and operation of 
networks. This leads directly to the problem of eval- 
uating performance in a data communications network. 

Often characterized as an inquiry/response system, 
one typical medium to high speed online network illus- 
trates a general type that is used widely in applications 
such as stock brokerages, airline reservation systems, 
telephone company billing systems, and bank teller 
systems, to name only a few (Fig 2). Since the concept of 
performance measurement in such networks is relatively 
new, it is helpful to establish some performance criteria. 
Detailed analysis has developed three broad indicators 
of network performance: utilization, number of 
messages, and response time. As will be seen, the values 
of these indicators are somewhat interdependent. 
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Utilization 


One indicator of network performance, utilization, is 
expressed as a percentage derived from the ratio be- 
tween the time various network elements are actually in 
use and the total time they are available for use. Specific 
knowledge of these values, when integrated with peak 
and average load requirements, can be of considerable 
help in optimizing a network. For example, a particular 
circuit or group of circuits in a given network may ap- 
pear to be underutilized as compared with the rest of the 
network, while other circuits might appear to be over- 
utilized. Armed with this knowledge, engineers can 
balance the network accordingly. Performance would 
improve in any event, and reconfiguration would most 
likely achieve a savings in transmission line costs. Even 
if line costs go up instead, users benefit from exact 
knowledge of the tradeoffs involved in the cost increase. 
A good handle on network utilization can prevent costly 
overkill in network design and operation. 


Number of Messages 


As a critical parameter, the total number of messages 
transmitted in a network is probably the best gross in- 
dicator of network performance. It becomes even more 
important when an exact measurement is made for each 
remote terminal location and inbound messages are dif- 
ferentiated from outbound message traffic. Exact 
knowledge like this is invaluable when selecting the pro- 
per remote site terminal. For instance, some terminal 


| CENTRAL 
1} SITE 
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HOST | COMMUNICATIONS 
COMPUTER CONTROLLER 


PHONE LINE 


DIAGNOSTIC 
CENTER 


Fig 2. Typical network diagram. Generalized medium 
speed network is widely used in online applications. 


families have a choice of line printer speeds available at 
various cost premiums. When selecting a terminal, the 
number of messages can be used to chart a line loading 
curve against the time of day or the terminal location. 


Response Time 


By convention, response time is generally defined as the 
interval perceived by the remote terminal operator from 
the time the ENTER or SEND key is pressed until the time 
a computer response is received. Used in conjunction 
with the other two performance indicators, an exact 
measurement of this time provides a useful network per- 
formance indicator. 

Not many years ago, the branch manager at a remote 
field office had to send his source data to the home of- 
fice for batch entry, waiting up to two or three weeks 
for a report that his staff would then scan for approx- 
imately ten minutes per transaction. Later, it became 
possible to enter information directly on a remote batch 
terminal and have a report returned the next morning. 
Eventually, the same manager would complain if ter- 
minal operators had to wait as long as 20 seconds when 
online system response time was slow. 


Components of Response Time 


A network can be optimized by distilling the elements 
that contribute to response time and analyzing the way 
in which these elements interact (Fig 3). For a typical 
network using half-duplex protocol, consider first the 
events that occur between the time the remote terminal 
operator strikes the ENTER key and the time a reply is 


PHONE LINE | | PHONE el 
PHONE | 
eee eee 


Related parameters of utilization, message volume, and 
response time determine level of performance 
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received from the computer. Each terminal in the net- 
work has a unique address; the host computer scans the 
universe of active terminals by issuing inquiries called 
polls, in sequence, each containing the address of one 
terminal. A terminal can elect to transmit a message to 
the host computer by answering its unique poll. Ac- 
tivating the SEND or ENTER key on the terminal initiates 
this process. 

Interspersed with polls from the computer are selects 
that allow the computer to respond to a particular ter- 
minal with messages, as determined by its address. The 
elapsed time in the scanning sequence between polls to a 
particular terminal is the maximum interval between the 
time when the ENTER key is depressed and the moment 
the computer recognizes that the terminal is ready to 
communicate—the poll to poll time. Next, the terminal 
transmits its inquiry message to the computer through 
the data line. The time required to accomplish this 
transmission is ‘‘terminal message time.”’ 

Usually in conjunction with a frontend communica- 
tions processor, the host computer next processes the in- 
quiry, formats a reply, and sends the reply back across 
the data link. When observing this phenomenon in 
terms of the external data communications network, the 
time interval between receipt of the last character of the 
inquiry and transmission of the first character of the 
response is ‘‘central processor wait time;’’ the time re- 
quired for the computer’s reply to be transmitted 
through the data link is ‘‘central processor message 
time.’’ There are some delays, usually very small, 
associated with such factors as clear to send in the 
modem, latency in the terminal, and propagation delay 
in the data link. These can be measured by detecting poll 
response time, the interval between sending an inquiry 
to a particular terminal address and receipt of the first 
character of reply. 

Upgrading the data rate in an entire network, eg, 
from 2400 bits/s to 4800 bits/s (based on apparent 
degradation in response time) could run to hundreds of 
thousands of dollars. If it can be determined that the 
combination of terminal message time and central pro- 
cessor message time (the only factors directly affected 
by data rate) is a relatively small percentage of total 
response time, and that central processor wait time 
is a relatively large percentage of total response time, 
then the same money might be better spent in another 
direction. 

Similarly, if poll to poll time proves to be a relatively 
large percentage of response time on some lines but not 
on others, this could indicate a necessary reconfigura- 
tion of remote terminals in terms of their distribution on 
specific data links. Over a period of time, measuring 
and recording these values relative to terminal location 
and time of day provides a useful profile of network 
performance that can be an invaluable aid during net- 
work upgrades and cost-reduction. 

Recently, a family of protocol sensitive network 
analyzers has appeared in the marketplace, addressing 
the problems of network performance measurement. 
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Fig 3 Components of response time. ‘’Terminal 
message time”’ and ‘‘central processor message time” 
are only factors affected directly by data rate, and may 
constitute only small portion of total response time 


Capable of measuring network performance from the 
central computer site, these devices collect the perfor- 
mance statistics necessary for cost/performance 
analysis in the planning and operation of data com- 
munications networks. As network communications 
costs account for an ever increasing percentage of data 
processing budgets, performance measurement becomes 
an increasingly important aspect of communications 
network management. 


David B. Kirby founded TeleProcessing Products, Inc, which 
manufactures a wide range of data communications networking 
devices, in 1975. Prior to this, he was president of Kirby Associates, a 
firm handling sales and manufacturers’ representation for the data 
communications field. 


Please rate the value of this article by circling 
the appropriate number in the ‘‘Comments”’ 
box on the Inquiry Card. 
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Just think what you can do with that speed. 

At 240 lpm, 80 characters per line, you can copy 
a full 24 line CRT screen in 6 seconds...or deliver 
a memo by phone at 1200 baud. 


No problem. Because the TH 240's clean design 
and unique thermal dot matrix printhead 
deliver that speed reliably and without a sound. 
With thousands installed and field proven, 

you can buy with confidence. What’s more, the 
TH 240 has self test diagnostics and three easily 
replaceable subassemblies for the ultimate in 
serviceability...and you get the support of 40 
service centers nationwide. You don’t need to 
maintain a TH 240 inventory...we do it. 4 
Call or write for details today. - 


PRINTERS THAT PERFORM... 
WITH YOUR SYSTEM. 


*To Qualified OEMs 


ae 


PRINTER SYSTEMS CORPORATION 
1 West Deer Park Road, Suite 104 
Gaithersburg, MD 20760 


(301) 840-1070 (800) 638-4041 
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Local System Range and Functions 


Extended by Broadband Packet Network 


Terminal oriented packet network 
System 20 can support more than 24,000 
terminals operating at 9600 bits/s for an 
aggregate data rate of more than 14M 
bits/s on broadband community antenna 
television (CATV) installations. The system 
is part of the LocalNet™ family of 
modular broadband based local area net- 
work communications devices from 
Sytek, Inc, 1153 Bordeaux Dr, Sun- 
nyvale, CA 94806. 

The LocalNet concept combines 
broadband frequency division multiplex- 
ing (FDM), a distributed control 
mechanism based on carrier sense multi- 
ple access/collision detection (CSMA/CD), 
and packet network protocols. It allows 
transparent communications between all 
network terminals, provides for data en- 
cryption, and interfaces to long haul as 
well as to internet and intracity connec- 
tions, covering up to 50 km on a single 
coaxial cable. 

The packet network system is based on 
frequency agile modems in conjunction 
with intelligent packet communications 
units (PCUs). Channel capacity is 200 
users and hosts at 9600 bits/s with a 
system (120 channel) capacity of 24k 
users. 

As a whole the network appears to the 
user as a public packet network operating 
under CCITT X.28 conventions. The 
backbone network operates in contention 
mode, using CSMA/CD techniques and 
layered packet protocol architecture, 
resulting in system error rate said to be 
less than 1 x 107”?. 

The system is functionally based on 
packet mode transceivers operating on 
common logical channels. A modular 
PCU accepts data from the subscriber in- 
terface and formats them into packets 
composed of source, destination, func- 
tion, integrity, and flow control informa- 
tion. The distribution system is compat- 
ible with broadband midsplit single or 
dual 75-0 coaxial CATV cable in star, tree, 
or hub topologies. Virtual circuit network 
protocol incorporates both error and flow 
control. Data terminal equipment (DTE) 
protocol is compatible with CCITT recom- 
mendation X.28, asynchronous, ASCIl, 
300 to 9600 baud, auto-selected, pro- 
viding CCITT X.3 services with DTE flow 
control and speed matching. (A 
9600-bit/s CRT terminal can select and 
communicate directly with a 300-bit/s 
printer.) End to end data encryption 
method is based on the data encryption 
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standard (DES) algorithm with electronic 
session key distribution. 

System elements include model 100 
TBox*, a frequency agile rf modem in- 
tegrated with a PCU and having a single 
DTE interface, and model 200 Tmux", 
with multiple DTE interface. Modems in 
these units serve 120 program selected 
channels with 156.25-MHz offset, full 
duplex, and 300-kHz separation. Carrier 
frequency synthesis is by program con- 
trolled phase locked loop referenced to a 
crystal time base, and modulation is 
phase coherent fm. Receive and transmit 
frequency ranges are 226.25 to 262.25 
MHz and 70 to 106 MHz, respectively. 

The Z80 based PCU has 2k bytes of non- 
volatile RAM buffer and 2k bytes of ROM, 
both expandable to 16k. Channel control 
is via Z80 PIO, and channel port is a USART 
with onchip HDLC protocol implementa- 
tion. The 280 SIO DTE port provides asyn- 
chronous communications to 9600 baud 
with automatic baud rate selection via RS- 
232-C interface. Firmware includes P/ROM 
resident packet assembly/disassembly, 
error and flow control, and DTE driver 
routines, including programmable use of 
X/ON, X/OFF, and RTS-CTS functions. 

Tbridge* model 300, another element 
of the system, provides an internal bridge 
between up to four system channels, and 
Tverter* central retransmission and fre- 
quency conversion unit performs broad- 
band spectrum upconversion of the entire 
120-channel lowband to highband for 
retransmission to the distribution system. 
All elements meet rf radiation specifica- 
tions as set forth in FCC docket 20780. 

The system can be piggybacked on 
CATV systems already installed for secur- 
ity or educational TV purposes. Applica- 
tion areas include engineering, office 
automation, manufacturing operations, 
financial districts, and universities. 


“Patent pending 


Communications Products 
Enhance Capabilities of 
MicroNOVA Line 


An_ asynchronous/synchronous line 
multiplexer (ASLM), 
chronous interface, and a communica- 
tions software package have been in- 
troduced by Data General Corp, Rte 9, 


a 4-line asyn- ° 


Westboro, MA 01581, to enhance flex- 
ibility and provide hardware support to 
the microNOVA™ mp/100, MP/200, and 
MBC board computer product line. 
According to the company, the offerings 
will improve functionality at lower 
systems cost for OEMs building multiter- 
minal and communications application 
systems. 

ASLM model 4336-S, especially useful 
for control devices such as terminal 
clusters or communications concen- 
trators, has four serial communication 
lines with modem control. Each of the 
lines supports either character-controlled 
synchronous protocols including Bisync, 
or asynchronous communications. Each 
line’s characteristics can be programmed 
independently. 

Model 4336-AS 4-line asynchronous in- 
terface is designed for networking ap- 
plications, as a terminal concentrator, or 
where cost effective communications in- 
terfaces are needed. All line char- 
acteristics of each of the four interfaces 
are fully programmable, with an 
operating speed of 19.2k baud max. Line 
interfaces are RS-232-C. 

MP/OS synchronous communications 
package (MSCP) software supports up to 
eight synchronous communications lines. 
MSCP supports the ASLM on microNOVA 
computers and the SLM, ULM, and CSI 
communications products on the NOVAR 4 
product line. Circle 555 on Inquiry Card 


X.25 Product Program to 
Support Packet Network 
Services in Six Countries 


A program developed by Digital Equip- 
ment Corp, Maynard, MA 01754, will 
supply X.25 packet-switched network 
products, protocols, interfaces, and sup- 
port services for its 16-, 32-, and 36-bit 
computer families. The program, called 
Packetnet™, has products available im- 
mediately for Datapac in Canada and 
Transpac in France. Future releases will 
support GTE Telenet in the United States, 
Datex-P in Germany, PSS in the United 
Kingdom, and DN1 in the Netherlands. 
Ultimately, users in each country will be 
able to tie into DECnet, the company’s 
networking software. 

(continued on page 84) 
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MODEM 300 


The Penril 300/1200 
212A Bell Compatible Data Modem 


Save once by handling both 300 
and 1200 bps rates with a single 
modem, a single phone line and 
a single computer port. Save 
again by mating with your exist- 
ing low-speed system, then 
upgrading to higher speeds 
whenever youre ready. 


Older terminals, new terminals, 
mixed data streams — you can han- 
dle them all, over switched or leased 
telephone networks with the Penril 
300/1200, the full duplex 2-wire dial 
line modem manufactured under 
license from Western Electric for 
both synchronous and asynchronous 
operation. 


FCC Registered; 
No. ABE976-67837-DM-R 


Designed for use with an exclusion 
mode telephone set for manual call- 
ing or answering, this versatile FCC 
certified modem gives you an auto- 
matic answering option, too. Lift the 
telephone handset for dialing and 
voice conversation. Activate the ex- 
clusion key for the data mode, and 
answering is automatic with no 
operator intervention required. You 
can select either 300 or 1200 bps to 
originate a call; when answering, the 
incoming data mode is automatically 
recognized and accommodated. 


Easy to Use; 
Easy to Service 


With 16 switch-selectable options 


on the modem printed circuit board, 
you're in control all the way. Use of 


high quality active filter networks 
keeps data transfer accurate, even 
over inferior telephone lines. Integral 
diagnostics keep servicing simple. 


For details, contact; 
Penril Corporation, 


Data Communications Division, 
5520 Randolph Rd. 
Rockville, Maryland 20852. 


Telephone (301) 881-8151. 
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Program software will run under the 
RSX-11M, -11S, and -11M-Plus operating 
systems for PDP-11 minicomputers and 
under VAX/VMS operating system for the 
VAX-11/780 superminicomputer. As part 
of the program, product implementations 
for selected countries will be expanded to 
run under TOPS-10 and -20 operating 
systems for DECsystem-10 and -20 families 
of mainframes. Packetnet software 
adheres to CCITT X.25 standards and 
recommendations. 


The software also enables terminals to 
communicate on public packet-switched 
networks through implementation of 
CCITT X.3, X.28, and X.29 recommenda- 
tions; X.29 allows data packets to be con- 
verted into a form that terminals can 
handle and converts data from terminals 
into packets. X.29 implementation is em- 
bedded into the host computer system. 
Currently available with Transpac, it will 
be integrated into all Packetnet program 
products. 


INTELLIGENT 
MODEM” 


BIZCOMP 1022 for Computer Applications 


Looking to have your small business system do late-night polling over the telephone 
net? Or how about store-and-forward electronic mailing, distributed networking or 
automatic data downloading? IMPOSSIBLE using acoustic couplers. FAT CHANCE 
with a ‘‘DUMB” modem. BIZCOMP’s new 1022 Intelligent Computer Modem is de- 
signed for the versatility and performance needed in computer applications—at a 
price you can afford! 

There was a time when business applications required a modem, an auto-calling unit, a 
DAA and a messy computer interface board. Not to mention a bear of a headache trying 
to write the comm software. Well now you can wash your hands of the mess and hassle 
of outmoded “DUMB” modems. Plug in a BIZCOMP Intelligent Modem and discover 
the simplicity of a full control, 3-wire RS-232 interface. An integral serial dialer with both 
tone and dial-pulse capability. Direct connect, FCC registered auto-answer. And 
reliable Bell Standard 103 compatibility at up to 300 baud. The 1022 even does double 
duty as a remote maintenance/diagnostics device. Whatever your application, BIZ- 
COMP Intelligent Modems open the road for advanced communications. 


BIZCOMP Communications... 
Why not start with the best? 


BIZCOMP 


P.O. Box 7498 @ Menlo Park CA 94025 ® 415/854-5434 


Rentals and leasing available from Leasametric, 800/227-6773; 415/574-5797 in Calif. Patent Pending 
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X.25 standard eliminates vendor- 
specific protocol requirements. Packetnet 
program products allow users to interface 
DEC and non-DEC computer systems to 
packet-switched networks, enabling them 
to share data resources with a variety of 
systems. The link to DECnet for each x.25 
implementation enables current users of 
such networks to couple systems to ex- 
isting public packet networks and allows 
migration from one communication 
scheme to another without requiring 
modification of application programs. 

Datapac and Transpac products are 
available through license at $5000 each. 
Circle 556 on Inquiry Card 


Bit Error Rate Tester 
Covers Data Rates from 
100 to 5M Bits/s 
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A 4-digit 5-decade frequency synthesizer 
allows the 852B bit error rate tester (BERT) 
to select rates from 100 to 5M bits/s, with 
a range from 1 to 10M bits/s offered as 
an option. The integrated unit, from 
Aydin Monitor Systems, 502 Office 
Center Dr, Fort Washington, PA 19034, 
provides signal generation, perturbation, 
comparison, and readout of data quality. 

Outputs are MIL-STD-188C and 50-2 
TTL, selectable as pseudorandom 
2047-bit, programmable 48-bit, or exter- 
nal data patterns. Data output may be off- 
set, jittered to + 20%, or have noise ad- 
ded by means of internal buffering and 
mixing of externally applied sources. A 
selectable internal delay of 0 to 50 bits 
compensates for transmission delay in 
data link tests, and a front panel readout 
immediately indicates errors per unit time 
(BER). Measured range is 1 x 10-*° to 2.5 
x 10~' with 3-digit resolution. 

The tester is packaged in a 5.25” 
(13.3-cm) high rack mountable chassis. 
All test points, readouts, and controls are 
mounted on the front panel. The broad 
range of the instrument covers low baud 
rate wire communications through high 
rate satellite links. Applications range 
from offline PCM bit synchronizer/signal 
conditioner testing to determination of bit 
error probability of a complete PCM link. 
Circle 557 on Inquiry Card 


COMPUTER DESIGNINOVEMBER 1980 


CD DATACOMM 


Handheld Instrument 
Provides Data Entry, 
Retrieval, Troubleshooting 


Microprocessor controlled terminal/test 
set 920 enables data entry or retrieval and 
testing in duplex synchronous and asyn- 
chronous modes. The instrument, from 
Nu Data Corp, 32 Fairview Ave, Little 
Silver, NJ 07739, supports synchronous 
(single or double sync) and asynchronous 
(1, 1.5, or 2 stop bits) operation with 5, 


115 Vac 
60 Hz 


6, 7, or 8 information bits plus optional 
parity bit at 16 popular rates from 50 to 
19.2k baud, with external clock in syn- 
chronous mode. 

All ASCII, EBCDIC, TRANSCODE, and 
BAUDOT codes can be sent, received and 
displayed on a 16-char, 16-segment 
display in either alpha or hex format. 
BAUDOT is in hex only. The 64-key 
keyboard and 3 shift keys enter data 
either into buffers or directly to the line in 
asynchronous mode. Two 960-char buf- 
fers are provided for transmit and receive 
data. Buffer contents are displayable, and 
buffers have search and edit provisions. 
The buffers may be loaded from received 
data, from the keyboard, or from canned 


; | CANNED 
|_| MESSAGE 


“fox” or up to 128-char custom messages 
from a plug-in user-accessible P/ROM. 
The buffers may be searched for bad 
parity in ASCII 8-bit odd or even parity. 
Buffer search will stop on the first error 
encountered; reinitiating the search will 
lock onto the next error. Either transmit 
or receive buffer may be searched offline, 
while online search is for receive only. 
LEDs are provided to display errors in 
either parity or framing. Interface to the 
device is via a fully active RS-232-C con- 
nection. The unit, measuring 4.75 x 9.5 
ee” V1Z.1.%.24.1 x 3.8. em} and 
weighing 1 lb 6 oz (0.62 kg), operates 
from an external power supply. 
Circle 558 on Inquiry Card 


HALF /FULL 
|} DUPLEX 
SWITCH 


RS-232-C 
INTERFACE 


* ENHANCED PROGRAMMABLE 
COMMUNICATIONS INTERFACE 


Test set block diagram. Optional interface includes EIA monitor and breakout interface, EIA random character 


generator/analyzer, and current loop interface with loop supply and regulation 


Family of Statistical 
Multiplexers Performs 
Variety of Functions 


Statistical multiplexer OMNIMUX series, 
consisting of 8-channel model 80, 
16-channel model 160, and 32-channel 
model 320, includes such network 
management functions as diagnostics, 
statistical reporting, and remote control. 
The series, from Racal-Milgo Information 
Systems, Inc, 8600 NW 41st St, Miami, 
FL 33166, is capable of statistically 
multiplexing a mixture of synchronous 
and asynchronous data channels with full 
protocol transparency and with all chan- 
nels operating up to 9600 bits/s. Ag- 
gregate link speed is up to 19.2k bits/s. 
A 16-bit CRC block check with ARQ 
assures end to end error free transmis- 
sion. Autobaud allows multiplexer chan- 
nels to accommodate dial-in applications 
from 110- to 1200-bit/s terminals, using 
Memorex or carriage-return signon 
characters. Fixed or adaptive speed con- 
trol allows each channel to independently 
accommodate speed conversion, so that 
devices with different operating speeds 


can communicate over the same chan- 
nel. Speed conversion rates can be either 
fixed or combined with autobaud. The 
flow control feature controls data flow 
both into and out of individual channels 
using inband X-ON/X-OFF or the clear-to- 
send (CTS) control signal. This is im- 


plemented at peak traffic periods when 
buffers are full and prevents loss of data. 
The aggregate link, operating syn- 
chronously at 1200, 2400, 4800, 9600, 
and 19.2k bits/s, uses CCITT X.25 Level I 
protocol. Interfaces are RS-232-C, 
V.24/V.28. 


SYNCHRONOUS 
| RJE TERMINAL 


2 ass UP TO 32 


OMNIMUX 


RS-232 
CONNECTIONS 


Mixed asynchronous and synchronous channels. Channels are fully 
transparent to protocols and have no delay. They can run continuous or 
switched carrier, half or full duplex, dedicated or dial-in. Other OMNIMUX 
aggregate links can be multiplexed over these channels 
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Local and remote monitoring and test 
capabilities include continuous monitor- 
ing of the aggregate link for both activity 
and error conditions. Full range 
diagnostics provide individual local and 
remote loopback combined with an inter- 
nal test message generator. Local and 
remote aggregate link loopback is also in- 
cluded. Statistics reporting continuously 


accumulates information on both in- 
dividual channel and overall aggregate 
link efficiencies. This information is 
available from local and remote units via 
the front panel display. A supervisory 
control and monitor feature allows long 
term reports to be accumulated and 
shown on a user provided ASCII 50- to 
9600-bit/s terminal. The multiplexer 
family is compatible with the company’s 
CMS System 1000 and 2000. 

Circle 559 on Inquiry Card 


*6985. 


COMPLETE 
TAPE SYSTEM 


The 75ips TDX Series Il complete with em- 
bedded microformatter and interface to PDP- 
11/VAX, LSI-11, NOVA/ECLIPSE, RS-232, 
IEEE-488 or Dual Buffered I/O. $6985-800 bpi/ 


NRZ or $7885-NRZ/PE Dual Density in single 
unit quantity. Contact us today. 


6) 423-3232 
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Capable of data rates to 19.2k bits/s, 
USM-1 has full output filtering and adja- 
cent channel rejection on the input to en- 
sure satisfactory operation in loaded CATV 
and multicarrier industrial cable systems. 
The device is available from CableBus 
Systems Corp, 7869 S Nimbus, Beaver- 
ton, OR 97005. Operating mode is syn- 
chronous, full duplex. 600-, 1200-, 
2400-, 9600-, and 19,200-bit/s data 
rates are selectable via internal DIP switch. 

Transmit frequencies are 5 to 18 MHz 
with others available on request. Transmit 
levels are adjustable and range from 20 to 
40 dBmV. FSK pulse duration encoded 
modulation is used, and bandwidth is 
250 kHz. Receiver frequencies are 72 to 
96 MHz with others available, and receive 
level is 0 to 30 dBmV. 


RS-232-C data connection and type F rf 
coaxial fitting are provided. A set of LEDs 
indicates power, carrier detect, data ter- 
minal ready, data set ready/clear to 
send, transmit data, and receive data. 
The unit draws 0.4 A at 12 Vac, 
measures 5 x 7 x 3” (12.7 x 17.8 x 7.6 
cm), and weighs 2 lb (0.9 kg). 

Circle 560 on Inquiry Card 


Virtual Monitor™ includes three basic 
elements. The first, a software package 
written in COBOL called CRISP (call, 
respense, information, and service pro- 
gram), runs on the user’s mainframe and 
provides continuous records and reports 
on all network elements. The second, an 
overall network control center equipped 
with one or more “call directors,” 
receives all incoming calls, problems, or 
inquiries and enters such data on online 
CRT terminals. Hardware requirement, 
the third, normally depends on the user’s 
existing configuration and equipment. In 
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Now, OEMs can take the High Road 
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or the Low Road with our Direct- 
Connect Modem Cards, small enough 
to mount inside Data Terminals. 


As the auld Scottish tune suggests, 
Racal-Vadic now makes it easy for 
OEMs to take the high road (1200 bps) 
or the low road (300 bps), with low cost 
direct-connect “Modems-on-a-Card;’ 
small enough to mount inside CRT 
displays, teleprinters, POS devices, 
and other terminals and systems. 


The High Road: 1200 bps 


Meet the compact VS1200P a 


complete modem onasingle = <3 =" 
: ” rk ee 
PC board measuring 5” by a) 


8.35.” That's a thrifty 42 
square inches of space. 
It’s fully compatible 

with Bell 202C and S 
modems. Only better, 
offering much more in 
performance, flexibility 
and test capability. It’s 
registered for direct- 
connect, too. Connects to 
the switched network with a 
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cable that plugs right into a Telco voice 
or data jack. Built-in 20 pin ribbon con- 
nector easily interfaces the VA1200P 
to your terminal. Price is right, too. Just 
$200 in quantities of 100. 
The Low Road: 300 bps 
The VS300P is a 300 bps full duplex, 
automatic originate/answer “Modem- 
on-a-Card.” Like the VS1200P it 
.. measures only 5” by 8.35,” making 
it small enough to mount inside 
most terminals. The VS300P 
is Bell 103/113 compatible, 
and FCC Registered for 
direct connect via a 
Telco voice or data 
jack. Mounting holes 
on each corner make 


222 Caspian Drive, Sunnyvale, CA 94086 
Tel: (408) 744-0810 » TWX: 910-339-9297 


it acinch to install. And the price would 
put a smile on the face of the thriftiest 
Scotsman. Just $200 in lots of 100. 


Both Roads: The TI Story 


Two of Texas Instruments new Silent 
700* data terminals include Triple 
Modems custom made by Racal-Vadic. 
Although small enough to fit into TI’s 
portable 17 pound terminal, this remark- 
able modem combines a Racal-Vadic 
VA3400, a Bell 212A, and a Bell 103. 
Imagine, a full originate/answer direct- 
connect modem with both 1200 bps full 
duplex and 300 bps full duplex in such 
a tiny package. And it can even be 
acoustically coupled. 


We did it for TI, and we can do it for you. 
Phone or write today. 


*Trademark of Texas 
Instruments 


CENTRAL* _— (312) 932-9268 
SOUTHEAST (817) 277-2246 
WESTERN (408) 744-0810 IRIAICIAIL} 
EASTERN® — (301) 459-7430 
NORTHEAST e (617) 245-8790 The Electronics Group 
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most cases no additional hardware is re- 
quired. A typical configuration might in- 
clude an IBM mainframe running online 
applications under CICS or IMS using 
3270-type terminals. 

The automated system, from Amdax 
Corp, 160 Wilbur Pl, Bohemia, NY 
11716, is transaction driven. It stores a 
complete and current record of all opera- 
tional events in a central data base, and 
this information is available to 
automatically warn network management 
of potential sources of trouble. The data 
are retrieved by entering a security access 
code into any CRT display terminal at- 
tached to the system. This interactive in- 
quiry capability allows the manager to ex- 
amine an entire network through a single 
monitor. 

As the system is offered for a monthly 
license fee plus a one-time installation 
charge and as the package uses the 
customer’s existing hardware, no capital 
expenditures are involved. In cases 
where an appropriate mainframe is not 
available, the company will arrange to set 
up the system on an offsite mainframe us- 


ing its own personnel. 
Circle 561 on Inquiry Card 


Device Accesses 
Data Network through 
Rotary Dial Telephones 


Placed over the mouthpiece of a rotary 
dial telephone, the M-101 acoustically 
coupled tone generator from Teltone 
Corp, 10801 120th Ave NE, Kirkland, 
WA 98033, allows access and data entry 
to a computer system via the telephone 
network. The device is designed 
specifically for tone controlled com- 
munications applications, and is not in- 
tended to control the switched network 
prior to connection to the terminal 
device. 
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An MOS digital IC generates standard 
Touch-Tone® signals by activation of 12 
keypad buttons. Tones are coupled into 
the telephone system by a built-in 
speaker. The crystal controlled IC main- 
tains accuracy of the frequencies, in- 
cluding drift and aging, to within less than 
1% of nominal. Power is derived from a 
standard 9-V battery, and a high or low 
tone output switch is provided. 

The tones can be received by circuitry 
such as the company’s M-917 DTMF 
decoder that can translate the DTMF digit 
into logic level binary output and can 
drive Schottky TTL gate, low power 
transmitter, MOS, or CMOS. The device 
also has applications in remote access 
systems, centralized dictation/word pro- 
cessing access and control, access to con- 
trol systems, mobile telephone, and pro- 
gramming access. In addition, it is com- 
patible with standard tone decoders. 
Circle 562 on Inquiry Card 


Digital Satellite 
Communications Network 
To Connect Company Operations 


MACOMNET is the name assigned to a pro- 
posed nationwide digital satellite business 
communications network to connect the 
headquarters of M/A-COM, Inc, Burl- 
ington, MA 01803, to operating com- 
panies in Maryland, California, and 
North Carolina. Using transponder time 
on Western Union’s Westar satellite, the 
system will initially connect the Burl- 
ington headquarters building with Digital 
Communications Corp, Germantown, 
Md, Linkabit Corp, San Diego, Calif, and 
Valtec Corp, Catawba, NC. Each site will 
be equipped with a DYNAC 5-m earth ter- 


LINKABIT 
SAN DIEGO, CALIF 


minal that will connect to terminals and 
conference rooms at each location via 
coaxial cable. DYNAC is a microprocessor 
based earth station using time division 
multiple access (TDMA) to optimize net- 
work and transponder capacity. 

Phase 2 of the program includes an ex- 
pansion of communications facilities to 
other M/A-COM buildings in the Burlington 
complex using the company’s recently 
developed cable packet access com- 
munication (CAPAC-I and -II) systems and 
radio packet access communication 
(RAPAC) system. 

CAPAC-lis an intra-building system used 
to interconnect the earth station with 
computer’ terminals, intelligent 
typewriters, and other office equipment 
within a building. The system allows all 
such devices to communicate among 
themselves or to transmit via satellite 
through the earth terminal. RAPAC is an 
inter-building system for communication 
via microwave links throughout a com- 
plex of buildings or citywide. The CAPAC-II 
system uses CATV cable to provide this 
function. 

According to Dr Lawrence Gould, M/A- 
COM chairman of the board and chief ex- 
ecutive officer, this “office of the future” 
system is expected to increase manage- 
ment productivity and contribute to 
reductions in travel and other business 
communication costs. Using the new 
system, a 2-page letter can be transmitted 
from Burlington to San Diego in 6 s, 
business conferences can be conducted 
via teleconferencing, and reports and 
other critical data can be exchanged in 
seconds. 

M/A-COM is planning to file for FCC ap- 
proval on the system later this year. Work 
on the project is scheduled to be com- 
pleted in January or February 1981. 


MICROWAVE ASSOCIATES 


BURLINGTON, MASS 


MICROWAVE ASSOCIATES 
COMMUNICATIONS COMPANY 


DIGITAL COMMUNICATIONS CORP 


VALTEC CORP 
CATAWBA, NC 


GERMANTOWN, MD 


Projected business communications network. RAPAC and CAPAC systems are the 
same as those being supplied to Local Digital Distribution Co (LDD), Germantown, 
Md, for SBS and Tymnet demonstrations next year in New York City and San 
Francisco 


COMPUTER DESIGN/INOVEMBER 1980 


CIRCLE 38 ON INQUIRY CARD 


Ontel 
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Parliamo 
molte 
lingue. 


(We speak many languages) 


Over 15,000 Ontel intelligent 
systems are used worldwide 
with many languages— 
English, Italian, German, 
French, Spanish and Hebrew. 
Our software languages 
include—PASCAL, BASIC, 
FORTRAN and OP/L. Ontel pro- 
vides everything for success- 
ful OEM installations...data 
processing...word process- 
ing...communications... 
delivery...customer support 
.., operating systems. And 
certainly not least—highly 
attractive pricing. Contact me 
today. You'll find we speak 
your language. 


Edward J. Heinze 
Vice President Marketing 


Ontel Corporation 
250 Crossways Park Drive 
Woodbury, NY 11797 


(516) 364-2121 
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Covering medium 
distances up to 50 miles (80 km), model 
3002 4800-bit/s modem from Avanti 
Communications Corp, Aquidneck In- 
dustrial Pk, Newport, RI 02840, operates 
over unconditioned and dedicated 3002 
lines, loaded metallic circuits, analog and 
digital carrier systems, microwave, and 
multiplexer systems. Operating modes 
are 4-wire full duplex, 2- or 4-wire half 
duplex, point to point, or multipoint. 
3600-bit/s fallback rate allows reliable 
communications in event of lines going 
marginal. Dual channel option allows a 
single unit to handle two terminals 
operating independently at 2400 or 1800 
bits/s. Asynchronous option allows either 
single 4800/3600 or dual 2400/ 
1800-bit/s terminals to be connected 
directly without need for external con- 
verters. Units have local and remote 


loopback and diagnostic LED indicators. 
Circle 563 on Inquiry Card 


io Limited 
distance modem 6210 is designed for 
asynchronous operation over Telco or 
private 2- or 4-wire nonloaded metallic 
conductors at up to 9600-bit/s data rates. 
Usable in both point to point and 
multidrop configurations, the device is 
particularly well suited to data distribution 
up to 7 mi (11.2 km) over conventional 
26-gauge wire. The device, from Interna- 
tional Data Sciences, Inc, 7 Wellington 
Rd, Lincoln, RI 02865, has a pulse 
modulation scheme that varies transmit 
signal polarity on a balanced line. 
Transmit and receive lines are 
transformer coupled. DTE interface is 
RS-232-C/V.24 and transmit signal level 
conforms to AT&T and Bell Canada re- 
quirements. Analog loopback mode pro- 
vides diagnostic capability, and a 20-mA 
TTY current loop interface is also 


available. 
Circle 564 on Inquiry Card 
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Designed for use 
in areas beyond the capabilities of short 
haul units but where distances do not 
justify the use of conventional long haul 
modems, LDM 414 can transmit data up to 
200 mi (320 km) at rates to 4800 bits/s 
over 4-wire voice grade conditioned or 
unconditioned 3002 lines, T carrier, and 
most other carrier systems. The device, 
from Gandalf Data, Inc, 1019 S Noel 
Ave, Wheeling, IL 60090, has a built-in 
tuning meter to simplify alignment. Local 
and remote digital, and local analog loop- 
back are provided. Operating modes in- 
clude both constant carrier and simulated 
controlled carrier. A dual channel option 
enables two channels to be carried 
simultaneously. Interface is RS-232-C/V.24. 
Synchronous version LDM 404B is also 
available. Circle 565 on Inquiry Card 


' s—Synchronous local dataset 
421 from Micom Systems, Inc, 9551 Iron- 
dale Ave, Chatsworth, CA 91311, 
operates at speeds and distances ranging 
from 110 bits/s at 30 mi (48 km) to 19.2k 
bits/s at 1 mi (1.6 km) over unloaded 
private line metallic circuits. The device is 
compatible with Bell publication 43401. 
Versions come in rack mount chassis 
holding 16 units and occupying 5.25” 
(13.3-cm) height in a 19” (48.3 cm) 
computer cabinet, or as a tabletop unit 
weighing 2 lb (0.9 kg). No special tools 
are needed for installation. Integrated 
loopback tests and data activity displays 


facilitate troubleshooting. 
Circle 566 on Inquiry Card 


ispeec s—Short haul 
modem SLD-MKII comes in four different 
models ranging in speeds from 2400 to 
9600, 2400 to 14,400, 2400 to 19,200, 
and 2400 to 28,800 bits/s for private line 
synchronous data transmission over 
distances to 20 mi (32 km). The device, 
from Prentice Corp, 266 Caspian Dr, 
Sunnyvale, CA 94086, operates 4-wire 
full duplex, or 2- or 4-wire half duplex in 
point to point or multipoint/polled 
modes. Characteristic speeds and 
distances are up to 6 mi (9.6 km) at 4800 
bits/s and up to 4 mi (6.4 km) at 9600 
bits/s on 26 AWG nonloaded cable, and 
data rates are switch-selectable. Features 
include complete diagnostics with local 
and remote loopback, pseudorandom 
self-test generator, LED diagnostic in- 
dicators, internal/external clock or 
repeater timing modes, CMOS design, and 


code transparency. CD 
Circle 567 on Inquiry Card 
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terminals 
for the future...f ODAY 


The industry standard, smart DM terminals from 


Beehive 


COLOR AS STATED 
M-LOCK (SPLIT-SCREEN) 
P4 or P42 AS NEEDED 


MULTIPLE VISUAL 
ATTRIBUTES 

PER YOUR 
SPECIFICATIONS 


FUNCTION KEYS 


REQUIREMENTS 


PRINTER/AUX PORT 
IF REQUIRED 


SYNCHRONOUS or 
ASYNCHRONOUS 1/0 
AS DESIRED 


SELF DIAGNOSIS 


AS REQUIRED LINE DRAWING 
SPECIAL KEYS FOR CAPABILITY 
YOUR APPLICATION EDITING FEATURES/ MULTIPLE PAGES 


A terminal whose parameters can change with your requirements! 


Now available with attractive discounts 
Call for applications assistance and delivery 
‘*: (800) 453-9454 


CALIFORNIA Costa Mesa (714) 540-8404 * Sunnyvale (408) 738-1560 


FLORIDA Altamonte Springs (305) 830-4666 ILLINOIS Arlington Heights (372) 593-1565 
MASSACHUSETTS Woburn (677) 933-0202 NEW YORK New York (212) 682-2760 UTAH Salt Lake City (807) 355-6000 
WASHINGTON, D.C. (VA) Fa!ls Church (703) 356-5133 

EUROPE The Netherlands Phone 020-451522 


BEEHIVE INTERNATIONAL 


“A proven competitive manufacturer of smart terminals” 
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SIMULATORICONVERTER 


Device simulator and communica- 
tions protocol converter T/7 pro- 
vides economical access to all IBM 
3270 application programs or in- 
formation systems from any pop- 
ular ASCIl asynchronous CRT ter- 
minal. It allows these terminals, 
operating in conversational mode, 
to appear as 3271-attached 3277 
display stations to a System/370 
or compatible host computer. 

The converter takes into ac- 
count operational characteristics 
that are unique to each terminal 
type, adapting for such _ char- 
acteristics as cursor positioning 
sequences. For other functions, it 
either simplifies keyboard opera- 
tion for the operator or improves 
performance. 

It adds value to existing ter- 
minals by providing smart ter- 
minal capabilities to low cost 
dumb ASCil display terminals. In 
addition, it permits multiple ac- 
cess for one or two hosts and con- 
Current support of a variety of ter- 
minal models. A 25th line option 
indicates line, column, and status. 

Extra cost features include frac- 
tional redundancy, by which spare 
printed circuit boards stored in the 


92 


unit are switched into the system, 
in event of a board failure, to 
minimize downtime. A_ native 
mode switching feature allows a 
number of ports to be directed to 
a minicomputer and permits at- 
tached terminals to function 
under native language. 

The device supports all 3277 
function keys and the 3278 home 
key, cursor select key (light pen 
emulation), and program function 
keys 13 to 24. It may share a 
multipoint line with other T/7 units 
or other 3271-compatible cluster 
controllers. 


Specifications 


Supporting up to seven ASCII 
display terminals (optionally up to 
15) at rates from 110 to 9600 
bits/s full-duplex with automatic 
speed detection over direct, 
leased, or dial-up lines, the device 
communicates with the host site 
on one or two multipoint lines 
using Bisync protocol at modem- 
clocked rates up to 9600 bits/s. 
Where two synchronous lines are 
used, the maximum asynchro- 
nous line count is reduced by one. 
Interface is RS-232-C. 


UPGRADES DUMB TERMINALS 
IN 3270 APPLICATIONS 


In desktop version the con- 
verter measures 19.3” W x 
20.17°9D 4.9.1" WES Xt x 23 
cm). With cover removed the unit 
occupies 8.7” (22 cm) of height 
in a standard 19” (48-cm) rack. 
Its weight is 33 Ib (15 kg). The 
power requirement is 115 Vac at 
3A or 230 Vac at 1.5 A, 47) to 
440 Hz, single phase. Envir- 
onmental parameters include 
425-W heat dissipation with 
106-ft?/min (3-m%/min) air flow, 
Operating ambient temperature 
range of O to 40 °C, and O to 
95% noncondensing relative 
humidity. 


Price and Delivery 


Single-unit price of the T/7 pro- 
tocol converter is $9350. In OEM 
quantities, the price is $5145 
each for lots of 100 to 199, 
$4675 for 200 to 499, and 
$4210 for 500 or more. Delivery 
iS approximately 60 days ARO. 
Datastream Communications, Inc, 
555 Ellis St, Mountain View, CA 
94043. Tel: 415/965-9911. 


For additional information circle 
568 on inquiry card. 
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R24. The first 2400 bps 


modular modem. 


Rockwell’s compact MOS-LSI modem 
gives new physical design freedom. 


Rockwell’s R24 Modem is the 
most compact 2400 bps MOS-LSI 
modem available today. Its small 
size and modularity give designers 
a whole new form factor flexi- 
bility. Requiring only 25 square 
inches of system area, the R24 
is ideal for terminals and com- 
munications equipment. 

The R24 provides functional 
flexibility also. Of its 3 modules, 


one is the transmitter, two the 
receiver. Terminal designers can 
offer transmit-only or receive- 
only options. And, the R24 is Bell 
201 B/C and CCITT V.26 and 
V.26 bis compatible. 

With its major functions in 
LSI circuits, the R24 is solid-state 
reliable and economical. It can 
be configured for operation on 
either leased lines or the general 
switched network. And, each low- 


profile module can be plugged 
into standard connectors or wave 
soldered onto system PC boards. 

A new generation of modems 
from the company that’s delivered 
more high-speed modems than 
anyone in the world. That’s 
Rockwell Micropower! 

For more information, contact 
Modem Marketing, Electronic 
Devices Division, Rockwell Inter- 
national, P.O. Box 3669, RC 55, 
Anaheim, California 92803. 

(714) 632-5535. 


.. where science gets down to business 
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CODE, SPEED, AND 
INTERFACE CONVERTER 


Code translation and baud rate con- 
version in model 01-13-0090 con- 
verter are firmware (EPROM) pro- 
grammed. 1k-byte RAM used as cir- 
cular buffer stores input or output data 
when input baud rate is higher than 
that of output or when output conver- 
sion contains many more characters 
than input data. Unit accepts input 
and provides output of RS-232-C 
and/or current loop complete with bat- 
tery and loop regulator. Among code 


translations are> ASCII/TTY,, 
TTY/ASCII, ASCII/EBCDIC, EBC- 
DIC/ASCII, TTS/ASCII, ASCII/TTS, 


TTS/TTY, and TTY/TTS, Mexican or 
Spanish. Battery backup protects 
against transients and power failures. 
Device can also act as a protocol con- 
verter linking 2 computers. Com- 
munication Devices Inc, 290 Huyler 
St, South Hackensack, NJ 07606. 
Circle 569 on Inquiry Card 


DIRECT CONNECT 
ORIGINATE/ANSWER MODEM 


Full-duplex direct connect 300-bit/s 
originate and answer modem 103 O/A 
LP derives operating power from the 
telephone line and is fully compatible 
with modems in the WE103 family. 
Back panel switch selects. either 
originate or answer transmit/receive 
bands and rocker switch selects either 
normal voice or data communications 
modes. A 25-pin RS-232-C socket 
provides interface to small computers, 
terminals, printers, and other 
peripherals. Modems are supplied with 
cables having RJ-11 modular connec- 
tors. Universal Data Systems, 5000 
Bradford Dr, Huntsville, AL 35805. 
Circle 570 on Inquiry Card 


8- AND 16-PORT 
SERIAL 1/0 BOARDS 


Eight-port serial asynchronous 1|/O 
board OCTOPORT™ connects line 
printers, modems, CRTs, and all types 
of RS-232-C or current loop terminals 
to S-100 based microcomputers and 
can also interconnect computers in 
networking systems. The board has 7 
lines plus ground per port allowing it to 
be used for modem control. Features 
include realtime clock with selectable 
rates of 12.5, 25, 50, and 100 ms, 
and support for vectored interrupts in 
8080 mode and Z80 mode 2. 12 
selectable rates range from 110 to 
19.2k baud. OMNIPORT™ 16-port 
1/O board can communicate with up to 
16 devices with RS-232-C interface 
at rates from 75 to 19.2k baud. It 
features 16 asynchronous channels 
with full handshake and has a 4-char 
buffer on each channel including the 
receive register. All operations except 
interrupt are enabled by push-on 
jumpers. Both boards meet all IEEE 
S-100 bus specifications. Konan 
Corp, 1448 N 27th Ave, Phoenix, AZ 
85009. 

Circle 571 on Inquiry Card 


ECLIPSE/NOVA* USERS. . . 
THINK CUSTOM SYSTEMS! 


Our Model 370 WMA Line 
Printer Controller inereases 
systems throughput 


Check out Custom Systems’ DMA printer controller. 
Direct memory access can increase systems 
throughput, and the controller supports 
all of today’s commonly used printers. 


@ Full vertical/horizontal tab 

@ Selectable control, 
device codes and 
polarity 

B® On-board self test 
feature 

B® Optional differential long- 
line driver 


B® Optional programmable interval timer 
The 370 DMA controller is just one of many Custom 
Systems products for Eclipse and Nova users, fully soft- 
ware and hardware-compatible. Call or write for 


information. 


2415 Annapolis Lane 
Minneapolis, Minnesota 55441 
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Telephone: (612) 553-1112 Telex: 290975 


CUSTOM SYSTEMS INC 
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*Trademark of Data General Corporation 


COMPUTER DESIGN/NOVEMBER 1980 


MDB makes synchronous communications interfaces for 
Q-Bus'and Unibus that handle both bit and byte protocols. 


Imagine what else we can do! 


DUP-11* compatibility — plus! Now it’s yours for don’t just make plain PROM modules — we have 

Q-Bus as well as Unibus with the MLSI-DUPV-11 modules that let you program EPROM on the 

and MDB DUP-I1 synchronous, single line com- board and we have interprocessor links which will 

munications interfaces. maintain high speeds over distances to 3,000 feet. 
In addition to providing functional equivalency MDB’s new multiplexors let you mix up to eight 

and software compatibility with DEC, the quad lines of EIA and/or current loop, and our founda- 

size MDB DUP-11 and MLSI-DUPV-11 interfaces tion modules require only one card slot. 

will accommodate BI-Sync and DDCMP in byte- All MDB interface products are warranteed 

control and SDLC, ADCCP and HDLC bit-oriented for one year, most can be delivered in 30 days 

protocols, with programmable character lengths or less and all are available 


of one to eight bits for BOP and five to eight for under GSA Contract 
BCP. This is performance flexibility never possible | #GS-O0C-02423. 
before. In addition, the MDB DUP boards feature Now, what can 
complete error control including CRC-CCITT we do for you? 
preset to O’s or l’s, CRC-16 preset to O's or VRC 
odd or even. For Q-Bus users this hardware error 
checking saves a lot of computer time and memory 
over the software checking of other systems. 

But that’s not all MDB can do. If you need 
line printer controllers for your DEC, Data General, 
IBM Series/1, Perkin-Elmer or Hewlett-Packard <j 


’ a “s. . 
computer, we've got them for more than 100 jaa * 
. . . © AnD 
computer/printer combinations. We a 
a &. ee 


*Trademark Digital Equipment Corp 


& 
SYSTEMS INC. 


1995 N. Batavia Street 
Orange, California 92665 
714-998-6900 

TWX: 910-593-1339 


Circle 43 for PDP-11, 44 for LSI-11, 
45 for DG, agfor PE, 47 for IBM. 
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8-PORT SYNCHRONOUS 
FIBEROPTIC MUX 


Available in Europe, the MU8 SA-1 
8-port synchronous/asynchronous 
multiplexer can transmit any combina- 
tion of up to 8 duplex synchronous or 
asynchronous RS-232-C/V.24 chan- 
nels. Data rates from 1.2k to 56k 
bits/s on each synchronous channel 
and from dc to 38.4k bits/s for each 
asynchronous channel can be handled 
by a single duplex fiberoptic cable 
over distances of more than 1 km. In- 
ternal and external clock synchroniza- 
tion and true handshaking features are 
standard. A total 2-sided system in- 
cludes model TTK-D1_ transmit- 


ter/receiver unit. The multiplexer uses 
TTL compatible levels on the com- 
posite signal |/O. Fibronics Ltd, Tech- 
nion City, Haifa 32 OOO, Israel. 


Circle 572 on Inquiry Card 


Custom Devices Available 
on Special Order 


ASYNCHRONOUS TO 
SYNCHRONOUS CONVERTER 


Converter allows asynchronous data 
sources to communicate through syn- 
chronous single- or multiport modems, 
digital networks, TDMs, or encryption 
devices; 68- or 132-char buffer 
enables long message transmission 
even when synchronous data rate is 
not closely matched by that of asyn- 
chronous source. Buffer accom- 
modates RTS/CTS handshaking 
delays and also allows asynchronous 
devices to be connected to a 
multidrop circuit. Com/Tech Systems 
Inc, 505 Eighth Ave, New York, NY 
10018. 

Circle 573 on Inquiry Card 


300-BIT/is AUTO ANSWER MODEM 


FCC-registered 300-bit/s modem 
FM327 provides automatic answering 
and RJ11 and RJ45 line connections 
and will directly replace Bell 113B and 
113D data sets. Features include 
crystal controlled circuitry and 11 
status indicators. The modem is 
available in both standalone and rack 
mount versions. Multi-Tech Systems, 
Inc, 82 Second Ave SE, New 
Brighton, MN 55112. 

Circle 574 on Inquiry Card 


HERMETIC 


FEATURING: 


300/1200-BiT/s 
DIRECT CONNECT MODEM 


FCC-registered autoanswer modem 
DL 212B for central computer and 
remote multiplexer sites is compatible 
with all call-originating Bell 103, 113, 
and 212 data sets. The unit may be 
directly connected to the switched 
network without requiring a DAA. The 
modem operates 2-wire full-duplex at 
up to 300 bits/s asynchronous and at 
1200 bits/s synchronous or asyn- 
chronous. It will automatically identify 
the calling modem and operating 
speed with no change to existing pro- 
tocols. Master test module with 8 
LEDs indicates status of selected 
modems. Diagnostics include analog 
and digital loopback, built-in pattern 
generator, and error detector. Anti- 
tailending feature helps protect user 
data. Enclosure housing up to 8 
modem modules occupies 7”’ 
(17.8-cm) rack space. Infotron 
Systems Corp, Cherry Hill Industrial 
Ctr, Cherry Hill, NJ O8003. 

Circle 575 on Inquiry Card 


NEW F/O COMPONENTS 
FROM LD 


MICGROLENSED LED - IRE 161 


e TYPICALLY 50 jw COUPLED INTO 504m 
e HERMETIC TO-46 PACKAGE MOUNTS INTO 
STANDARD F/O CONNECTORS 


e 20ns TYPICAL RISE AND FALL TIMES 


For Additional Information, 


Contact Marketing Department 


YOUR ONE SOURCE 


FOR FIBER OPTIC COMPONENTS 


CIRCLE 48 ON INQUIRY CARD 
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e MATES TO STANDARD F/O CONNECTORS 
e HIGH TEMPERATURE PERFORMANCE 


LABORATORIES. INC 


1130 Somerset Street, New Brunswick, New Jersey 08901 
Tel.. 201-249-7000 ¢ TWX: 710-998-0597 © A Subsidiary of VALTEC Corporation 


Data Integrity Control 
with just one chip. 


Signetics' new 2653 
speeds data checking 
up to 4 Mbits/second. 


Here’s high-speed intelligence to checking and detection in almost any mode: 
distinguish control characters from block-check single-character or parity gen- 
data. All on one chip. Our new 2653 eration and checking. 
data integrity controller offers an Add it to your UART/USART or our 
LSI system solution for handling 2651/61 datacomm interfaces. Or com- 
Bisync—with transparent mode bine it with our 2652 multi-protocol 
support. Count on it to tell you circuit. The result: protocol support 
when DLE is not DLE. with minimal software intervention. 

Fully programmable, the So when your design calls for 
2653 packs a 128x 2 RAM data transfer, even in magnetic 
which distinguishes charac- media controllers, specify our 
ter classes. And that makes one-chip simplifier. Contact 
it easy to tell the difference your local Signetics sales 
between control and data office or authorized distri- 
characters—in EBCDIC, butor. Or write: Signetics 
ASCII or six-bit codes. Corp., 811 E. Arques Ave. 

Riding atop your P.O. Box 409, Sunnyvale, 
microprocessor’s data CA 94086, (408) 739-7700. 
bus, the 2653 computes 
CRC intelligently and in 
parallel. As a result, 
high-speed error detection via CRC is a breeze. = - 

This powerful chip frees your CPU for other SiRGicS 
tasks. It also shrinks programming require- 
ments, cuts design time and significantly reduces 
parts count. Specify the 2653 to lower your 
system development costs. And simplify error 


a subsidiary of U.S. Philips Corporation 


Multiple Technologies from 8 Divisions: 
Analog, Bipolar Memory, Bipolar LSI, 
MOS Memory, MOS Microprocessor, 
Logic, Military, Automotive/Telecom 


To: Signetics Information Services, 811 East Arques Avenue 
P.O. Box 409, MS27, Sunnyvale, CA 94086 
( Rush details on Signetics ' 2653 One-Chip Simplifier: 


Nameé 20 ie 
Companys VIRION ce 
Added sg ee 

Gi rate Zip. 


I want to cut design costs immediately. Please have an 
applications specialist phone me at: CD1180/A 


( \bie (ofa. er ee ee ec 


OEM's: 

Why Create 
Software 

For Protocol 
Conversion When 
We Have lt 
Available Now? 


Developing software to enable 
equipments with differing protocols 
to communicate is expensive and 
time consuming. 

Air Land Systems has already 
created software programs that 
enable various types of terminals 
and computers to communicate in 
most IBM, Honeywell, UNIVAC and 
BURROUGHS protocol environments. 

We'll build a protocol converter 
(with the necessary firmware which 
we have already developed) to fit 
into your equipment’s card cage or 
we'll package it as a stand-alone unit. 

Solve your protocol conversion 
problems quickly and inexpensively. 
Let's discuss your requirements. 
Contact Marketing Manager, Air Land 
Systems, 2820 Dorr Avenue, Fairfax, 
Va. 22031 (703) 573-1100. 
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Fallback or resource switching can be 
performed manually or under program 
control by the DS/40_ switching 
module, a component of the com- 
pany’s Network Supervisory 
System™. Fallback switching to alter- 
nate or backup facilities can be per- 
formed manually by a single switch or 
via a controller that can automatically 
switch up to 256 lines or channels. 
Resource switching reallocates net- 
work resources to accommodate 
changing operator applications. 
System modules can be switched to 1 
of 16 different preselected recon- 
figuration programs, each of which is 
entered by setting DIP switches in the 
individual modules. Digi-Log Systems, 
Inc, Babylon Rd, Horsham, PA 
19044. 

Circle 576 on Inquiry Card 


CP 9558 and CP 9572 offer up to 8 
times the effective power of entry 
level CP 9552 processor announced 
earlier. CP series systems _ interlink 
remote EDP operations and local net- 
works of terminals with each other 
and with central computers to form 
data networks of virtually any size. 
They can operate with other vendors’ 
mainframes and terminals and can in- 
terface with packet switched net- 
works. CP 9558 systems can have up 
to 6 processors and from 393k to 
1.2M bytes of memory. CP 9572 can 
have up to 8 processors and 1.5M 
bytes main memory. Instead. of a 
single multipurpose CPU, the systems 
use a number of autonomous 
simultaneously operating processors, 
each optimized and dedicated to a 
specific function. All processors 
operate concurrently and at their 
respective maximum rates. Com- 
prehensive system software is 
licensed and priced separately. Bur- 
roughs Corp, Detroit, MI 48232. 


Circle 577 on Inquiry Card 


Used in standalone mode or with other 
terminals and modems operating at 
50, 75, 100; 1.70,. 206, or 300 
baud, RPC-586 reader/punch con- 
troller operates with 5- or 8-level 
codes in half-duplex communications 
circuits. Operating speed is 30 char/s 
max. Integral power supply requires 
115 Vac, 60 Hz. Unit may operate on- 
or offline and can cut a tape blind 
while remaining online. Circuit 
breaker, two 25-pin connectors (for 
modem and terminal), half/full-duplex 
selector, and power switch are 
mounted on the rear panel. Siemens 
Corp, 186 Wood Ave S, Iselin, NJ 
08830. 

Circle 578 on Inquiry Card 


Any mixture of asynchronous and 
synchronous channels may be con- 
figured on the CM990-1 board that 
provides 8 independent full-duplex 
channels between the Texas _In- 
struments’ 990 family of computers 
and RS-232-C peripheral equipment. 
The board supports modem control 
capability and 110- to 9600-baud 
data transfer rates. Power re- 
quirements are 5 Vdc at 980 mA, 12 
Vdc at 125 mA, and —12 Vdc at 12 
mA. The multiplexer is mounted on a 
14.25 x 10.8° (36.2 «x 27.4-em) 
epoxy glass PC board. National Data 
Corp, 1 National Data Plaza, Cor- 
porate Sq, Atlanta, GA 30329. 

Circle 579 on Inquiry Card 


Complementing the company’s ex- 
isting family of line receivers, quad dif- 
ferential line drivers DS3487 and 
DS26LS31 are designed for digital 
data transmission over balanced lines. 
Both drivers feature single 5-V supply 
operation, LS-compatible inputs, and 
TRI-STATE® outputs. Typical input to 
output delay is 10 ns. The devices, 
built to meet EIA RS-422 interface 
standards, are packaged in 16-pin 
molded DIPs. Four independent driver 
chains are contained in a single 
package. National Semiconductor 
Corp, 2900 Semiconductor Dr, Santa 
Clara, CA 95051. 
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FIBEROPTIC 
TRANSMIT/RECEIVE MODULES 


Fiberoptic TTL modules series 2100 
are designed for high rfi immunity and 
with rugged construction required in 
harsh industrial environments and in 
high data security applications. 
Transmitter module operates in the 
820-nm region using an LED source; 
receiver employs a PIN detector. Units 
are compatible with any fiberoptic 
cable terminable by Amphenol 905 
series optical connectors furnished 
with the units. Additional vibration, 
moisture, and shock resistance for 
military applications can be furnished 
as an option. Optelecom, Inc, 15940 
Luanne Dr, Gaithersburg, MD 20760. 
Circle 582 on Inquiry Card 


INFORMATION DISPLAY 
SYSTEM ENHANCEMENTS 


Addition of 3440-char screen capac- 
ity and support of 9600-bit/s data 
communications has extended the 
capabilities of the PTS-2000 informa- 
tion display system (Computer 
Design, July 1980, p 28). PTS-2000 
terminals operate as IBM 3270 types 
under both BSC and SDLC. The 
3440-char display is configured as 43 
lines of 80 chars on the 15” 
(38.1-cm) CRT screen. No additional 
charge is levied for the 9600-bit/s 
capability, but users must_ install 
modems operating at that rate. 
Raytheon Data Systems Co, 1415 
Boston-Providence Tpk, Norwood, 
MA 02062. 

Circle 580 on Inquiry Card 


FIBEROPTIC INTEGRATED 
DETECTOR/PREAMPLIFIER 


Functions of a sensitive photodiode 
detector and a_ transimpedance 
amplifier are contained on the single- 
chip MFOD404F. Device has respon- 
sivity of 30 mV/pW at V., of 5 V and 
will sustain data rates of 10M bits/s 
over medium distances (up to 500 m). 
Unit is designed for use with the AMP 
compatible metal fiberoptic connector 
barrel to provide rfi immunity. 200-0 
output impedance also provides less 
sensitivity to stray interference. 
Recommended input wavelength is 
900 nm. Motorola Semiconductor 
Products inc, .PO Gox 20912, 
Phoenix, AZ 85036. 

Circle 581 on Inquiry Card 


MULTIPLEXER/MODEM PACKAGE 


Transmission system MTS-1 com- 
bines a series I| MICROPLEXER™ and 
a 9600-bit/s modem in a single 
package for convenience in statistical 
multiplexing of up to 8 asynchronous 
or synchronous channels. System per- 
mits per-channel parameter program- 
ming to allow many different types of 
terminals, printers, and other 
peripherals to share a single telephone 
line. Local and remote loopback at 
both channel and data link levels is 
provided, as well as functional 
displays and fallback to 4800 bits/s in 
event of line degradation. Supervisory 
port option provides network perfor- 
mance statistics. System is available 
in either 4- or 8-channel configuration. 
Timeplex, Inc, One Communications 
Plaza, Rochelle Park, NJ 07662. 

Circle 583 on Inquiry Card 


COMMUNICATIONS SYSTEM 
TESTER/MONITOR 


Programmable software based Dyna- 
Test'™ 2000A monitors and traps 
data at 19.2k bits/s full-duplex, inter- 
nally or externally clocked, with 
English or hexadecimal data display. 
All common data formats can be ac- 
commodated. Menu selection of such 
functions as monitoring, BERT, fox 
message generation, and various tim- 
ing measurements is provided. Unit 
stores data including lead status for 
each character on a 200k-char tape. 
Macromode feature permits construc- 
tion of custom programs from a list of 
approx 80 instructions. Data captured 
in the 4k-char buffer or on tape may 
be transmitted to a serial ASCII 
printer. An RS-170 output is available 
to drive an external CRT. The instru- 
ment contains a CRT, full keyboard, 
tape drive, and interface breakout 
panel. Dynatech Data Systems, 7644 
Dynatech Court, Springfield, VA 
22153. 
Circle 584 on Inquiry Card 


SURGEGUARD ® 


When you can’t afford to 
experiment 


Guaranteed failsafe pro- 
tection for computers, 
modems, data terminals. 
Stops 20,000 Amps lightning 
hits in 1 picosecond. 
Available as standalone, 
rackmount or OEM pcb 
module. From $100 to $500. 


MODEMGUARD® - wraps around 
modem’s telco line, interface, AC mains 
input 

COMGUARD®- wraps around modem/ 
terminal combination 


POWERGUARD® - for 115 or 230V AC 
mains power. Up to 6 Amps 


INTERGUARD® - for RS232 

(CCITT V.24) or current loop interface 
TERMIGUARD® - wraps around 
terminal interface and AC mains 


LSA® Line Surge Absorber - for sensi- 
tive signal/data/telephone line inputs 
of communication, control and 
measuring equipment 


KAPUSI LABS 


2121 So. E] Camino Real, 
San Mateo, CA 94403, 
Phone: (415) 573-5475 
TWX: 910 374 3004 
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Smart 


mMOves 


To make life easy for the operator, Hazeltine 
has added a few smart moves to the new 
Executive 80™ terminals. 

The tilt feature lets you move the screen to 
the best viewing angle. The detachable 
keyboard can 
be moved to the 
best orientation 
for the working 
environment. The 
combination helps 
operators work 
comfortably, with 
less physical 
fatigue. 

The typing posi- 
tion of the keys has 
been redesigned. 
The Executive 80 
has a contoured, 
low profile keyboard 
where each row of 
keys has its own 
operating angle. It 
makes prolonged 
typing a lot less 
tiring. 

Then there are smart moves you can make 
on the screen. You can vary the intensity, 
designate reverse and blinking fields, 
underline and even draw out forms. If you are 
working with full documents, you can order 
the 15-inch smooth scrolling monitor which 
lets you selectively display either 80 or 132 
column formats, in normal size or double 
height and width. They’re all features that 
make it easier to focus in on important data. 


Tilt screen means more 
comfortable viewing. 


Keys are precisely 
contoured for the most 
natural typing position. 


Whichever operating mode you select, 
you will be working with an anti-glare screen 
that’s set into a non-reflective working 
surface. That means less eye fatigue. 

Operator comfort and convenience mean 
higher operator productivity, which increases 
throughput and reduces costs. That’s one 
more reason why Hazeltine Executive 80 is 
your smart move for the eighties. 


Hazeltine Corporation, Computer Terminal Equipment, 
Greenlawn, NY 11740 (516) 549-8800 Telex: 96-1435 
Hazeltine and the Pursuit of Excellence. 


New York (212) 752-3377 @ New Jersey (201) 584-4661 © Chicago (312) 986-1414 
San Francisco (415) 342-6070 e Atlanta (404) 256-5581 @ Arlington (703) 979-5500 
Orlando (305) 628-0132 @ Dallas (214) 980-9825 @ Los Angeles (213) 553-1811 
Columbus (614) 889-6510 @ England 01-568-1851 Telex (851) 928572 


It's smart to take care 


of your operators. * 
2 


Hazeltine 4.97% 
Executive An@ Zouk 


Answers for the Eighties 
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TECHNOLOGY REVIEW 


Multilevel Function Processor Concept 
Extends Multiprocessor Architecture 


The B 5930 computer system, with 50% 
of the performance of the B 6900, is an 
entry level large scale data processing 
system that uses multilevel function 
processor architecture. This design, an 
internal structure of computers within 
computers, uses programmable 
microprocessors, each with its own 
memory in place of fixed purpose cir- 
cuits. With this architecture, Bur- 
roughs Corp, Detroit, MI 48232, has 
combined high productivity with 
significant reductions in physical size 
and power requirements. 

Multilevel function processor archi- 
tecture as used in the 5930 is an exten- 
sion of the internal multiple processor 
architecture used in other 900 family 
computers. In place of a single pro- 
cessor, these systems use multiple pro- 
cessors, each assigned a function. 
Operating concurrently they share the 
workload and offer high system pro- 
ductivity. In the 5930 major functions 
such as I/O control, data communica- 
tions control, memory control, com- 
putation, and system checking are 
assigned, respectively, to largely 
autonomous microprocessor based 
function processors. 

The central processing unit, which is 
a function processor, consists of a sec- 
ond tier of function processors each 
having its own area of respon- 
sibility—memory access control, in- 
struction transfer and decoding, con- 
trol code storage and execution, com- 
putation, message transfer, and 
maintenance. This implementation of 
imbedded processors, also known as 
recursive structuring, enables the 
system to achieve high internal effi- 
ciency with resultant high system pro- 
ductivity without resorting to exotic 
circuits. The machine is built using LSI 
logic and 16k memory circuits. 

Internal CPU function processors 
transfer data to and from each other 
across a wide bidirectional bus that is 
capable of transferring a full 52-bit 
computer word (48 data bits), versus 
the 8-, 16- or 32-bit width common to 
other bus oriented machines. This 
wider bus enables the processor to 
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FUNCTION PROCESSOR SYSTEM 


ADDITIONAL 
FUNCTION 
PROCESSORS 


Burroughs’ B 5930 has multilevel 
function processor architecture 
wherein major functions are 
assigned to separate largely in- 
dependent microprocessor based 
function processors. Recursive 
structure achieves high internal 
efficiency by permitting several 
activities to occur in parallel 


work on more data in parallel, and 
results in a high degree of reliability 
by providing for full-time, in-line error 
detection. Additional special purpose 
buses augment the main data bus. 

One internal CPU function pro- 
cessor, called the micro master control 
processor (MMCP), coordinates the ac- 
tivities of the others. The MMCP con- 
tains a microcoded implementation of 
the full instruction set of the 
company’s B 6000 class large scale 
systems. The other internal function 
processors (1/0 control, program con- 
trol, data processor, memory control) 
are programmed to execute this large 
system instruction set, thus providing 
program compatibility with B 6000 and 
larger systems. 

To achieve this combination of pro- 
ductivity and intersystem compati- 
bility, Burroughs devised an internal 
programming language for the MMCP. 
An extremely powerful high level com- 
puter language, it is based on exten- 
sive research into proper control struc- 
tures. Each of its commands com- 
municates hundreds or thousands of 
sequenced instructions. This internal 
language is transparent to the com- 
puter user; application programs are 
prepared using familiar programming 
languages—ALGOL, COBOL, FORTRAN, 
PL/1, BASIC, APL, RPG. 

Information is transferred to and 
from peripheral devices through 
microprocessor based function pro- 
cessors. These data link processors 
(DLPs) relieve the central system of 
housekeeping tasks associated with I/O. 

(continued on page 106) 


FUNCTION PROCESSOR/MULTIPLE BUS CENTRAL PROCESSING UNIT 


Internal CPU function processors transfer data across B 5930’s 
52-bit main data bus. Control buses augment main data bus 
providing other routes for communications between master 
control processor and other special purpose function pro- 
cessors 
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A whole world. Because our parent company, 

C. Itoh Co., Ltd. (pronounced “C. Eetoe”) is a multi- 
national organization with resources and subsid- 
laries located in every corner of the globe. 

As C. Itoh Electronics, Inc., we’re fortunate to 
be part of this international network. It lets us seek 
out quality materials and technologies wherever 
they can be found. And for a company that special- 
izes in computer peripherals for the OEM, that’s just 
as important as price or the capability to deliver. 

Today, we're offering the latest designs in dot 
matrix and daisy wheel printers, card readers, CRT 
monitors, floppy disk drives, and a lot more. 

We're also seeing to it that our 
OEM customers get all the support 
they need. The engineering support 
to solve their system integration 
problems. Plus complete documenta- 
tion and a service network that oper- 
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ates repair and refurbishment stations nationwide. 

So when you deal with us, you can be sure you're 
doing business with people who are dedicated to 
the OEM. And acompany whose parent organization 
has been around since 1858. 

Our goal? To become the best OEM peripheral 
source in the country. Because with all our inter- 
national connections, we haven't forgotten what our 
motto promises: One world of quality. 

For information on our product lines for the OEM 
computer systems manufacturer, contact ‘C. Itoh 
Electronics, Inc., 5301 Beethoven St., Los Angeles, 
CA 90066, Tel. (213) 390-7778; Midwestern Regional 
Office: 240 East Lake St., Suite 
301-A, Addison, Illinois 60101, 
Tel. (312) 941-1310; Eastern 
Regional Office: 666 Third Ave- 
nue, New York, NY 10017; 

Tel. (212) 682-0420. 


EC. Itoh Electronics, Inc. 
One world of quality 
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Dred’ new 7D0O2. 
logic analyzer with the 


ow, a total solu- 
tion to problems 
encountered 
either on or off the bus. Tek- 
tronix new 7D02 Logic Ana- 
lyzer. Featuring a unique user 
language that reduces even 
the most complex testing to a 
few simple statements. You 
supply the overview and the 
7D02 does all the detail work 
for you. With a sophistication 
never before possible. 


All test parameters 
supplied by prompts. 


IF clause defines a data 
stream event, which 
may be either single or 
compound. 


A simple, yet sophis- 
ticated user language. 
Writing a test program is no 
more complicated than re- 
sponding to a few simple 
prompts. A handful of basic 
phrases let you configure the 
7D02’s resources into almost 
any combination needed to 
solve the problem at hand. 
Often you'll find the 7D02 has 
an intelligence equal to the 
software youre integrating 
into your prototype. 


THEN clause defines a 
response to the event. In 
this case, setting counter 
#1 to zero and then in- 
crementing every 
millisecond. 


At the same time the 
counter is set, branch to 
the second test. (brack- 
eting allows simultane- 
ous actions). 
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Individualized 8- 
and 16-bit mnemonics. 
Through a series of personal- 
ity modules, the 7D02 can 


adapt to the characteristics of 


specific microprocessors. 
Familiar mnemonics let you 
work faster and more accu- 
rately. Support today extends 
to the 6800, 6802, 8085, 8086, 
Z80 and Z8002 with more to 
come. There's also a personal- 
ity module available for gen- 
eral purpose logic analysis. 


The 7D02 now monitors 
the data stream for an 
event to satisfy the sec- 
ond test’s IF clause. 


Up to 52 channels of 
information. Flexibility is 
the key. You start with the 
basic 28 channels used for 
state acquisition, then the ex- 
pansion option increases this 
to 44. For timing applications 
or wider state acquisition, 
there’s an additional syn- 
chronous or asynchronous 
8-channel timing option 
complete with its own mem- 
ory, word recognizer and 
glitch trigger. 


If the event occurs, then 
branch back to the first 
test and start the pro- 
gram over. 


Or if counter #1 has 
reached 100 mS, then ac- 
tivate the trigger. 


LOGIC 
ANALYZER 


A user-programmable 
smartest triggerin g ever. 


And there’s more. The 
7D02’s user language takes 
advantage of four separate 
word recognizers, each up to 
48 bits wide. Plus two coun- 
ters usable in either the time 
or event mode. In addition to 
clock qualifications, there are 
two types of data qualifica- 
tion to provide selective data 
storage. 

The Tektronix 7D02 
Logic Analyzer can give you a 
whole new approach to mP- 
based design. 


Locating an inter- 
mittent fault. The following 
program gives a limited 
demonstration of the simplic- 
ity and power behind the 
7D02’s user language. Here 
the object is to trigger when 
a second event on the bus 
does not occur within 100 mS 
of a first event. 


By using the proper per- 
sonality module, 
software flow can be 


displayed using the 
mnemonics of the chip 
under test, here the 
Motorola MC6802. 


The 7D02 is a 3-wide plug-in for the popular Tektronix 7000 
Series oscilloscope. Shown above is a Tek 7603 mainframe 
housing the 7D02 logic analyzer with a personality module 
supporting the 6802 microprocessor. 


Tektronix. 


COMMITTED TO EXCELLENCE 


For immediate action, dial our toll free automatic 
answering service 1-800-547-1512. 


For the address of your nearest Tektronix Field Office, contact: 


U.S.A., Asia, Australia, Central & South America, Japan Tektronix, Inc., RO. Box 1700, 
Beaverton, OR 97075, Phone: 800/547-1512. Oregon only 800/644-9051, 503/644-0161, 
Telex: 910-467-8708, Cable: TEKTRONIX 

Europe, Africa, Middle East Tektronix International, Inc., European Marketing Centre, 
Postbox 827, 1180 AV Amstelveen, The Netherlands, Telex: 18312 


Canada Tektronix Canada Inc., PO. Box 6500, Barrie, Ontario L4M 4V3, Phone 705/737-2700 


TECHNOLOGY REVIEW 


These specialized processors each in- 
clude one or more microprocessors, in- 
terface, and buffer memory. Aggregate 
0 bandpass is 2.3M bytes/s. An 1/0 
base module, which houses up to eight 
DLPs, can be connected to as many as 
four central processors. Any DLP can 
be switched from one processor to 
another under MMCP control. Other 
function processors called line and net- 
work support processors provide exter- 
nal control for data communications 
and networking. This functional 
distribution of the control workload 
eliminates unnecessary contention for 
central processor resources and 
enables efficient operation in situa- 
tions that call for coordinating 
multiple data processing tasks with 
dynamic data communications re- 
quirements. 

Because of its programmable logic 
the function processor concept offers 
ready adaptability to future re- 
quirements in application and 
to future 


cost/performance, and 


Compas 


microsystems 


FLAIM/65 is a complete, 


$4000 (U.S. only). 


224 SE 16th St. 


FLAIM/65 


professional quality development 
system for the 6500 microprocessor family. FLAIM/65 includes a 
ROCKWELL AIM 65 (with 20 character display and thermal 
printer plus full size keyboard), five slot motherboard, 16 K static 
RAM memory, dual drive 5% inch disk system with full operating 
system in EPROM, CENTRONICS 730 dot matrix printer 
(100 CPS), assembler, PL/65 compiler and full system power 
supply. Best of all — the system pictured is priced well under 


P.O. Box 687 AMES, 1A 50010 
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developments in circuit technology. 
System reliability is enhanced by the 
CPU’s constant tests on its own opera- 
tion, and its ability to detect and cor- 
rect errors each time data is trans- 
ferred internally. Maintenance is eased 
by simplified construction. 

In a basic configuration the 5930 
consists of CPU with 1.5M bytes of 
main memory, two operator displays, 
peripheral subsystem with five data 
link processors, data communication 
subsystem with line support processor 
and four line adapters, and main- 
tenance processor. Expansion options 
provide up to 6.2M bytes of main 
memory in 786k-byte increments, up to 
32 data link processors for peripheral 
subsystem attachment, up to 2 line 
support processors of 16 lines each, 
and up to 2 network support pro- 
cessors with 64 lines each. Starting 
price for a system is $200,000. 
Customer shipments are planned to 
begin during 2nd quarter 1981. 
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(515) 232-8187 


Micro-Winchester Drive 
Incorporates Integral 
Cartridge Tape Backup 


DEVICE CONTROL 
AND INTERFACE 


AIR FILTER 


CARTRIDGE 
TAPE DRIVE 


Single tape cartridge integrated into 
5.25” Winchester disc drive package 
supplies backup storage for entire con- 
tents of 10M-byte platter. Average ac- 
cess time to data on model 510 
MicroWinchester from Irwin’ Interna- 
tional is 25 ms, almost seven times 
faster than comparable units 


A 5.25" (13.3-cm) Winchester disc 
drive system with integrated cartridge 
tape backup fills the four major 
demands made on small disc drives. In 
the unit, Irwin International, 2000 
Green Rd, Ann Arbor, MI 48105, has 
incorporated greater storage capacity, 
reliable backup, faster access time, 
and low price. 

Memory capacity of the 510 Micro- 
Winchester unit is 12.3M bytes unfor- 
matted, 10.02M bytes formatted. This 
is achieved using one disc platter. All 
formatted data can be dumped in less 
than 4 min onto a single backup tape 
cartridge. Unlike systems using floppy 
disc backup, the unit requires no 
sophisticated software for selective 
dumping and no repeated stops and 
starts to change media. By fully in- 
tegrating cartridge tape backup within 
the unit overall package dimensions 
are kept no larger than the standard 
minifloppy. Tape backup removes 
easily for storage. Cartridges are inter- 
changeable. 

Access time to data written on disc is 
an average 20 ms, nearly twice as fast 
as 8” (20-cm) Winchesters. Maximum 

(continued on page 108) 


COMPUTER DESIGN/NOVEMBER 1980 


ih PO) 


Who? 


TECHNOLOGY REVIEW 


access time is 49 ms. The unit’s 
5.3M-bit/s data transfer rate maxi- 
mizes the speed and efficiency of 
systems. 

To achieve high storage density the 
system uses a smart servo positioner 
instead of a stepper motor. Location 
information is imbedded on the disc. A 
closed loop servo controlled by a 
microprocessor brings the head di- 
rectly to the correct track, compen- 
sates for disc eccentricity, and keeps it 
precisely on track. Speed of the 
spindle is regulated to 0.1% and a 
microprocessor eliminates static error. 
Together the positioner and spindle 
systems provide the ability to record 
900 tracks/in (354/cm) at a density of 
8000 bits/in (3149/cm). Fast access 
time also stems from the positioner. 
Microprocessor control allows faster 
arm movement, and lack of such error 
allows essentially zero settling time. By 
rotating the disc at 4000 r/min instead 
of 3600 r/min, average latency is re- 
duced to 7.5 ms. 

Tape cartridges are also prere- 
corded with servo information. This 
embedded servo approach allows a 
single positionable head to cover seven 
discrete track positions and permits a 
tape speed of 60 in (152 cm)/s to be 
achieved. These factors coupled with a 
bit density of 10k bits/in (3937/cm) pro- 
vides 10M-byte capacity on a 140-ft 
(42-m) cartridge, and permits fast 
dumping. 

Controller design is simplified; since 
disc drive and backup are integrated, 
there is only one logically consistent 
interface to deal with. The device level 
interface is a subset of the proposed 
ANSI standard for 8" Winchesters. 

The unit’s 3.25 x 5.75 x 8” (8.2 x 
14.6 x 20-cm) dimensions, mounting 
holes, and voltage requirements match 
those of the industry standard 
minifloppy. The unit can be mounted 
either horizontally or vertically. Heat 
dissipation is only 35 W. MTBF is 
estimated at 8000 power-on hours. 

In OEM quantities of 500 the units 
are priced at $1500 each. Evaluation 
units will be available in January. 
Volume production is scheduled to 
begin by May. 
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Termination System 
Improves Cables’ 
Electrical Characteristics 


Raychem’s ribbon cable termination 
system uses SolderQuik tape to cut 
assembly time. Strip consists of cover 
(T) that holds solder (S) in position. Con- 
trol layer (C) has windows corresponding 
to terminal spacings and serves to chan- 
nel solder toward joints. Flux coating (F) 
faces metal to be cleaned. Photo shows 
strip in place on cable connector 


SolderQuik™ terminates ribbon cable 
leads as much as 50% faster than 
either handsoldering or paddleboard 
methods, delivering solder quickly and 
accurately on closely spaced joints that 
are difficult and time consuming to do 
by hand. The system, developed by 
RayChem Corp, 300 Constitution Dr, 
Menlo Pk, CA 94025, utilizes solder 
filled plastic strips, each with up to 100 
premeasured terminations, and _pro- 
duces finished cables with better elec- 
trical characteristics for computer and 
other digital logic applications, in- 
cluding less crosstalk and noise, and 
fewer signal mismatches. 

The solder delivery strip shown in 
the diagram consists of soldering flux, 
solder, and a carrier strip. The top 
cover (T) is polyparabanic acid film 
coated with adhesive. The total 
thickness is less than 0.005” (0.012 cm) 
to allow thermal energy to pass 
through easily. The adhesive holds the 
solder (S) in correct lateral position 
and on the overhang provides a means 
of attachment to the connector. The 
solder (S) is a flattened, flux cored 
eutectic tin lead solder of a suitable 
size to provide for bonding the range 


of wire diameters to the terminals. The 
solder is oriented crosswise to the con- 
ductor axis, initially “‘shorting out’’ all 
the circuits. The flux core is optional, 
providing a margin of redundant 
cleansing. The control layer (C) is 
fabricated from irradiation cross- 
linked polyvinylidene fluoride sheet 
having windows which correspond to 
the spacing of the wire terminals. Dur- 
ing solder melting, the barriers divide 
the solder evenly between terminals. 
After the flux cleanses the joints and 
solder is molten, the window barriers 
channel the solder flow to form well 
shaped, uniform joints. A flux coating 
(F) is applied to the surfaces facing 
metal to be cleaned. The principal 
area is the windows where the flat- 
tened solder is exposed. To promote 
wetting of the grounding wires on the 
bus bar, flux is also applied next to the 
control layer on the overhang. Com- 
ponents are laminated together to 
form a tape less than 0.020" (0.051-cm) 
thick and 0.25" (0.635-cm) wide. It is 
packaged in spools and dispensed as 
required per connector length. 

The system greatly simplifies cable 
terminations with what is essentially a 
2-step process. After the conductor 
leads of a flat ribbon cable have been 
stripped with a conventional stripper, 
the leads and molded cable connector 
are inserted into a cable termination 
fixture along with a strip of the Solder- 
Quik tape, which is placed directly 
over the leads to be terminated. A 
holding module, which contains the 
cable/connector/SolderQuik assembly 
is then removed and placed in an in- 
frared heater for 15 to 20s. During the 
heating process, infrared rays pass 
through thermoplastic windows in the 
tape, melting premeasured solder/flux 
packages so that they flow over the 
stripped leads and connector bus bar 
and form uniform terminations. The 
holding module is then removed from 
the heater, after which the plastic from 
the tape can be peeled off or left on the 
terminations for added protection. 

Finished terminations are generally 
superior to those produced by wave 
soldering or vapor phase heating, and 
are more uniform than hand soldered 
terminations. The system eliminates 
the bridging associated with wave 
soldering. By providing exact amounts 
of solder and flux distributed pre- 
cisely, it guarantees strong uniform 
joints. 
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Qume DataTrak 5™ * 
and Datalrak 8™ 
offer less media and head wear 
than any other double-sided floppy 
disk drive on the market. That means 
less service cost and more disk life. 
Look how they stand up to the com- 
petition. Independent tests have shown 
a tenfold improvement in error rateover 
industry-standard specifications. 


Qume Standard 
Performance Specifications 
SOFT ERROR 1 in 101° 1 in 109 


HARD ERROR 
SEEK ERROR 


1 in 1018 1 in 1012 


1 in 108 


More tap-tap 
on tap. 


~ And we have 
a immediate availa- 

bility of field-proven products, 
with production capabilities to 
meet your needs. So you Can order our 
double-density, double-sided floppy 
disk drives for delivery now. 

So what's it all add up to? More tap- 
tap, better performance, immediate 
availability and prices that won't boggle 
your memory. For an evaluation unit, 
hurry and call today. (415)783-6100. 
Ask for Dept. M. Qume Corporation, 
Memory Products Division, 2323 
Industrial Parkway West, Hayward, 
California 94545. TWX: 910-383-0710. 


Qume. 


Memory Products Division 
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Custom Software Tailors 
Programmable Calculator 
To Accounting Functions 


The GASS™ system provides complete 
accounting for service station opera- 
tions, including daybook, general 
ledger, payroll preparation, and 
perpetual inventory. Developed by 
Poculator Systems, Inc, 1378 N Killian 
Dr, Lake Park, FL 33403, the custom 
computer system sells for around 
$4000 including training. Installation 
requires about 15 min and training an 
estimated 3 hours. 

The package consists of a Texas In- 
struments TI-59 programmable calcu- 
lator that incorporates 5k-bytes ROM, 
960 bytes of RAM, display, keyboard, 
and magnetic card mechanism, and its 
companion 20-col thermal printer. Pro- 
grams are stored in a 5k-byte encap- 
sulated ROM that drops into a compart- 
ment in the rear of the unit. These pro- 
grams are driven by input and 
calculated data from RAM. 

The system was designed to use the 
calculator’s simplicity as an operator 
aid. The user need only enter a 
number and press a button. This ap- 
proach allows all workflow to be repre- 
sented as a sequence of optional and 
required operations. 

All information entered into the 
system is stored on magnetic card 
strips. By recording entries on a work 
card before recording them on a file 
card, users can go back to the work 
card to correct any errors that may 
have occurred. The system weighs only 
6.5 lb (2.9 kg) and can be simply 
unplugged and used anywhere. 
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Added 4341 Processors 
Increase Performance, 
Extend Versatility 


Model Group 2 4341 processors provide 
internal operating speeds 1.5 to 1.8 
times those of Group 1 processors and 
double the main memory capacity. In 
introducing the units, International 
Business Machines Corp, Data Pro- 
cessing Div, 1133 Westchester Ave, 
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White Plains, NY 10604, also disclosed 
the availability of 3279 color display 
and 3287 color printer for use as system 
console devices on 4341 processors. 

Available with up to 8M characters 
of main storage, the processors feature 
16,384 characters of high speed buffer 
memory, twice that of Group 1 
machines, to make data available to 
the processor more rapidly and effi- 
ciently. Standard equipment on the 
processors are one byte and five block 
multiplexer channels. Two of the block 
multiplexer channels can transfer in- 
formation at up to 3M characters/s 
when used with the Data Streaming 
feature (see Computer Design, Sept 
1980, pp 58, 60), the three others trans- 
fer at rates up to 2M char/s, offering a 
combined maximum data transfer rate 
of up to 12M char/s. These transfer 
rates allow users to attach 3380 direct 
access storage devices, each with 
2.52G-characters capacity, and to in- 
termix these with other storage 
devices. 

The processors are supported by 
OS/VS 2 MVS with MVS system product 
programs for Group 1 processors, as 
well as DOS/VSE, OS/VS1, and VM/370. 
Customer shipments are scheduled for 
the 2nd quarter 1981. Purchase price 
for a model Group 2 processor with 
2M-char memory is $385,000. With 
4M- or 8M-char memory, prices are 
$416,000 and $479,200 respectively. 
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4300 Compatible Processors 
Offer Competitive 
Cost/Performance 


Mainframe computer models 1636, 1638, 
1641, and 1651 offer performance 
equivalent to IBM 4300 processors at 
lower cost. Like 4300 family units, the 
machines offered by Cambex Corp, 
360 Second Ave, Waltham, MA 02154, 
use microprogrammed bus driven ar- 
chitecture to permit field upgrades of 
CPU, main memory, and 1/0 channels 
through PC board changes. 

All 1600 series machines use ECL 
hardware circuits with 50-ns machine 
cycle time. Microcode control storage 
supports from 72k to 144k bytes. Main 
memories are formed of 16k dynamic 
NMOS RAMs with maximum capacities 
up to 4M and 8M bytes. Memories use 

(continued on page 112) 
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Spectronics 
Distributors 


Moltronics, Phoenix 

(602) 272-7951 

Jaco, Chatsworth 

(213) 998-2200 

Jaco, San Jose 

(408) 263-1100 

Moltronics, South Gate 
(213) 773-6521 

Moltronics, San Diego 

(714) 278-5020 

Moltronics, San Jose 

(408) 263-7373 

Western Micro, Cupertino 
(408) 725-1660 

Integrated Electronics, Denver 
(303) 534-6121 

Bond, E. Norwalk 

(203) 852-1001 

Hammond, Orlando 

(305) 849-6060 

Hammond, Ft. Lauderdale 
(305) 973-7103 

Advent, Rosemont 

(312) 297-6200 

Camelot, Chicago 

(312) 583-5588 

Advent, Indianapolis 

(317) 297-4910 

Advent, Cedar Rapids 

(319) 363-0221 

LCOMP, Wichita 

(316) 265-8501 

Whitney, Baltimore 

(301) 944-8080 

Lionex, Burlington 

(617) 272-9400 

A. W. Mayer Co., W. Newton 
(617) 965-9711 

Zeus Components, Burlington 
(617) 273-0750 

Camelot, Livonia 

(313) 591-0055 

Michigan Lectrols 
Southfield 

(313) 353-1350 

Reptron Electronics, Livonia 
(313) 525-2700 

Industrial Components, Minneapolis 
(612) 831-2666 

LCOMP, Maryland Heights 
(314) 291-6200 

LCOMP, Kansas City 

(816) 221-2400 

Olive Electronics, St. Louis 
(314) 426-4500 

Lionex , Fairfield 

(201) 227-7960 

Mid Atlantic, Bellmawr 
(609) 931-5303 

Electronic Devices, Albuquerque 
(505) 293-1935 

Lionex, Woodbury 

(516) 921-4414 

Summit Distributors, Buffalo 
(716) 884-3450 

Zeus Components, Elmsford 
(914) 592-4120 é 
Hammond, Greensboro 
(919) 275-6391 

Camelot, Columbus 

(614) 239-0056 
Component Electronics, Brunswick 
(216) 225-3401 
Hughes-Peters, Cincinnati 
(512) 351-2000 
Hughes-Peters, Columbus 
(614) 294-5351 

Reptron Electronics, Columbus 
(614) 436-6675 
Stotts-Friedman, Dayton 
(513) 298-5555 

Hammond, Greenville 

(803) 233-4121 

Jaco, Richardson 

(214) 235-9575 

Solid State, Irving 

(214) 438-5700 

Solid State, Houston 

(713) 772-8483 

Integrated Electronics, Salt Lake City 
(801) 531-8139 

Parts Mart, Milwaukee 
(414) 276-1212 
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NOW ITS GOT GUTS. 


We just coupled our Sweet 
Spot™ LED to this innovative AMP 
connector and gave it the highest 
fiber driving power it’s ever had. 

Of course, its low profile and 
easy coupling advantages are still the 
same. But the Sweet Spot gives it 
much more design flexibility. 

For example, now it can be used 
with practically any cable. And cou- 
pled with the widest selection of op- 
tical receivers yet. Everything from 
high speed PIN diodes to low speed 
high sensitivity detectors. Plus, it pro- 
vides the simplest circuit interface 
and most practical opto-mechanical 
interface available. Here are some 
Sweet Spot detector options: 


SPX 4690 Medium Speed 
Detector 

This high sensitivity detector uti- 
lizes an on-chip transistor preampli- 
fier to simplify circuit design and has 
a broad operating bias range of up 
to 15V. 


SPX 4691 Sweet Spot PIN Diode 
With a response time of one 
nanosecond and 5V operating bias, 
this high speed detector opens the 
door to hundreds of new possibilities. 


SPX 4692 High Sensitivity 
PIN Diode 

For interfacing large core fibers 
of 200 microns or more, this 15V PIN 
diode provides a performance level 
that will simplify many applications. 


SPX 4693 Schmitt Detector 
This fully integrated detector/ 
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interface circuit represents a major 
technology breakthrough. It’s TTL 
and CMOS compatible and features 
a Schmitt Trigger output with total 
on-chip conditioning circuitry. 

These are just a few of the end- 
less new design solutions created by 
Sweet Spot LED power. 


TYPICAL TRANSMISSION DISTANCE (METERS) 


. MAXIMUM 
SPX 4689°(SWEET SPOT| DUPONT| DUPONT 
LED) WITH: PFXP140 |PFXPIR140 | 


SPX 4690* MEDIUM 
SPEED 1 1 
DETECTOR 

SPX 4691 * SWEET SPOT 
PIN DIODE 

SPX 4692* HIGH 
SENSITIVITY 
PIN DIODE 


SPX 4693* SCHMITT 
DETECTOR 


(Mb/s) 


“Part number describes 
component/connector assembly 


Solutions that, coupled with 
AMP's sophisticated connector tech- 
nology, bring fiber optics out of the 
lab — once and for all. 

Contact Spectronics for more 
information at 830 East Arapaho 
Road, Richardson, Texas 75081. 


Telephone (214) 234-4271. 


~Spectranics 


Adivision of Honeywell 


Light years ahead. 
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error checking and correction tech- 
niques to automatically correct all 
single-bit errors. Redundant ALUs in 
the processor permit results of all func- 
tions to be compared for ensured ac- 
curacy. Maximum block multiplexer 
data rate is 1.86M_bytes/s/channel; 
maximum byte multiplexer data rate is 
50k bytes/s in byte mode and 180k/s in 
burst mode. 

Offered with the processors are op- 
tional mechanically integrated 
peripheral controllers, a channel to 
channel adapter, and a data com- 
munications adapter. Mechanical in- 
tegration permits controllers to use the 
CPU housing and power supply; 
however, since the units have stand- 
alone intelligence, they require no CPU 
cycles for their operations. 

An internal service processor, a 
microprocessor/modem combination, 
facilitates remote hardware diagnos- 
tics and provides console capabilities 


ECL 
COMPATIBLE 
CRYSTAL DIP 
OSCILLATORS 


q 


MODEL ZY-7410 

10 MHz to 100 MHz 
CALL OR WRITE 
Greenray 

GR Industries, Inc. 


840 West Church Rd. 
Mechanicsburg, PA 17055 
Phone 717-766-0223 


bd 
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for hardware diagnosis and problem 
isolation. Extensive microdiagnostic 
programs can readily isolate hardware 
failures and check timing margins. 

Loaded via floppy disc the 
diagnostics can be used in standalone 
operations or invoked through the pro- 
cessor’s internal modem to a remote 
diagnostic mainframe. Tests begin by 
checking basic hardware functions 
starting with control.storage memory 
and system register and proceed to 
higher levels in logical order. Final 
step is testing of system I/O channels in 
a simulated operating environment 
with randomly introduced operational 
sequences and background in- 
terference. 

The units are totally software com- 
patible with IBM /360, /370, and 4300 pro- 
cessors including DOS/VS, OS/VS1, 
OS/VS2, SVS, MVS, VM-370 and DOS/VSE 
operating systems. Processors include 
the System/370 universal instruction set 
as well as extended precision floating 
point instructions, advanced control 
support, extended control mode, and 
program event recording. 

A typical 1636 processor with 
1M-byte memory offers approximately 
15% higher throughput than a 
4331-Group II and sells for $125,000. A 
2M-byte 1641 performing in the range 
of the 4341 sells for $190,000. 
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1.2G-Byte Disc Subsystem 
Transfers at 1.2M Bytes/s, 
Accesses in 22-ms 


A high speed direct access disc sub- 
system, the model 3652 stores 1.27G 
bytes, double the capacity of the IBM 
3350. Containing two spindles and two 
head-disc assemblies, the Winchester 
module has a data transfer rate of 
1.2M bytes/s and average access time 
of 22 ms. 

Available with an interface designed 
for OEM integrators, the unit is fully at- 
tachable to System/370, models 158 and 
168, 303X, 4341, 470/X, and equivalent 
processors. In the subsystem Memorex 
Corp, San Tomas at Central Expwy, 
Santa Clara, CA 95052, has _ incor- 
porated a design aimed at ensuring 
total data availability. 


The intelligent dual interface (pa- 
tent pending) provides two simul- 
taneous and independent paths to 
every spindle on the string. Appearing 
operationally equivalent to string 
switch to both storage control unit and 
operating system, the interface ensures 
that loss of string controller does not 
mean loss of string. The alternate 
string controller automatically 
assumes the role of primary control 
unit and processing continues uninter- 
rupted. The interface also allows users 
to execute individual spindle 
diagnostics and to repair spindles 
without interrupting functioning 
spindles on the same string. 

Performance improvements occur 
because the dual-access path permits 
fewer string busies to occur. CPU 
overhead is reduced because conten- 
tion is resolved at the string level 
rather than at the processor. Other 
features playing a part are proprietary 
read/write heads that are designed to 
recognize changing track bit densities, 
and to reduce data error rates, noise, 
and crosstalk; variable settling time 
circuitry that reduces data checks, 
seek times, and read delays; pro- 
prietary damped servo system that 
reduces frequency and amplitude of 
head oscillation across a data track; 
and advanced mapping of data tracks 
to reduce arm movement from track 0 
to the desired track. 

A head-dise assembly (HDA) switch- 
ing technique further enhances data 
availability. Each module contains two 
HDA assemblies each with its own elec- 
tronics and separate power supply. If 
either electronics or power supply 
becomes inoperative on one of the 
drives, data are accessed by switching 
to the other side of the module. 

Because the subsystem is a double 
capacity unit with two strings of drives 
occupying the same physical space, 
floor space savings of 100% are 
achieved. An additional 23% savings 
is achieved by the physical access 
design. Energy consumption is 6% 
lower than competitive units with a 
3% reduction in heat dissipation to cut 
air conditioning requirements. 

Unit price for the 3652 in quantities 
of 100 is $32,250. First shipments of 
units with IBM interfaces are scheduled 
for fourth quarter of this year. 
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IDT SATISFIES 
ALL YOUR 
BASIC DRIVES. 


It’ S no wonder so many people turn to IDT for their 4" IBM-compatible tension arm 
and 14" cartridge recorder requirements. 

Just look at all our standard features: 

e Formatter/controller embedded in tape drive. 

e Standard controllers for RS-232C, IEEE-488 and Intel Multibus* 

e Subsystems, hardware and software compatible with DEC, DG HP, TI, GA, Honeywell 
Perkin-Elmer, and others. 

e We also offer PBX unattended call recorders, 
parallel I/O's, Wangco/Datum I/O's and dual 
buffers. 

The simple fact is, IDT makes the 
finest line of tape drives available. 

How else can you explain the 

fact that so many people are SE 
getting all wrapped up in Cartridge Wes 
tape today? ack aes 


*Trade name of Intel Corp 


Ul 


Embedded — 


Synchronous 
Tape Formatter Tape 
Transport 


Please satisfy my basic drives Send me more information LJ 
or call me at 


INNOMTIVE 
DATA 
TECHNOLOGY 


Name 


4060 Morena Blvd. 
San Diego, CA 92117 
(714) 270-3990 


WE'VE GOT IT ALL ON TAPE. i Address 


State Zip Hd 
I'm interested in the following IDT products: 
- 
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Multimedia courses developed by 
Deltak, Inc, 1220 Kensington Rd, Oak 
Brook, IL 60521, as part of the Ad- 
vanced Technology Library cover com- 
puter security, VSAM debugging, user 
command language design, FORTRAN, 
database systems, and computer net- 
work software mechanisms. In general, 
the courses consist of video tape, stu- 
dent text, audio tape, and exercise 
handout, and provide from 2 to 15 
hours of instruction depending on the 
topic. 

Concentrating on broad strategic 
issues regarding the security of com- 
puter systems and facilities, 80-61X is 2 
hours of instruction broken down into 
Threats, Techniques, and Strategies. 
12-79X, dealing with VTAM debugging, 
provides 3 hours of instruction cover- 
ing basic techniques used in solving 
ABENDS caused by errors related to file 
processing. A series A course, 83-11X ex- 
amines the basic structures used in 
alphanumeric dialog design tech- 
niques. After completing the 15-hour 
program the student will be able to 
plan, design, and implement an 
alphanumeric dialog. 

Consisting of 10 units, representing 
between 30 and 40 hours of instruc- 
tion, 31-7XX is structured to allow those 
familiar with another programming 
language to proceed from basic FOR- 
TRAN, to functional FORTRAN, and on 
to Extended FORTRAN. 24-2XX discusses 
database concepts, illustrating them 
with experiences taken from a large 
financial institution. This package con- 
sists of five courses, geared to project 
managers and systems analysts. 

Specific software mechanisms and 
protocols used in data communication 
networks are covered in 82-2XX. 
Descriptions of HDLC and SDLC 
physical link protocols and CCITT 
Recommendation X.25 are provided, 
and packet switching, and control and 
compression mechanisms are ex- 
plained. The package, aimed at 
managers, administrators, and systems 
analysts, consists of 20 hours of 
material broken into 5 subsections. 
Circle 424 on Inquiry Card 
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The intelligent disk architecture 
in STC 2700 Series Disk 


STC’s new 2700 winchester disk family 
combines the intelligence of a micro- 
processor, 64 Kbytes of RAM, and a 
high-speed bus interface to offer you a 
versatile new disk architecture. An archi- 
tecture that can help you achieve new 
dimensions in system effectiveness. 
Relieve CPU overhead burdens. Slash 
interfacing costs, and more. 

Yet, even without its advanced archi- 
tecture, you'd still choose the 2700 disk 
family for its attractive price/performance 
and reliability values. 

The 2700 family features formatted 
capacities of 39, 91 and 195 Mbytes, 27 
msec average seek time, and an OEM 
price of less than $5,000 (195 Mbytes). 
With a predicted 8000 hour continuous 


0 518-27-9/80 


operation MTBF, the 2700 will not just 
keep your customers happy-- it will keep 
your warranty expenses low. 
Powerful bus architecture for faster 
data rates and greater flexibility. 

Gone are the speed and configuration 
constraints of serial, synchronous data- 
line interfacing. The 2700 disk family 
incorporates a high-speed, byte-parallel 
asynchronous interface, with internal 
serial/parallel conversion, to give you 
transfer rates up to 2 Mbytes/sec. The full 
handshake protocol and built-in dual 
ports support radial, daisy chain or inter- 
mixed configurations. 
The «zp can unlock your system’s 
hidden resources. 

One way to boost your CPU's per- 
formance is to get it out from under sys- 
tem overhead and back to productive 
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computing. The on-board intelligence 
of the 2700 gives you that capability. 
Routines such as drivers, data management 
and utilities can be offloaded to the micro- 
processor, freeing the CPU and bus for 
other tasks. But that’s only the beginning. 

High-level software, including on- 
board editor and compiler, simplifies 
algorithm development for custom appli- 
cations. And you can use the built-in 
RS-232 port to program right on the disk. 
An intelligent controller in each drive. 
For free. 

To help you get to the system level 
faster and easier, we placed most of the 


itianSensing —~— z 


of tomorrow is shipping today... 
Drives. 


traditional controller functions within 
the 2700. This includes address mapping, 
defect management, error detection/ 
error recovery procedures and all device- 
dependent functions. Since you now 
only have to build a low-cost interface 
adapter — your attachment costs are 
significantly reduced. 


Low cost of ownership. 

Fewer parts mean fewer failures. So 
the 2700 contains a minimum number of 
mechanical parts, only three of which 
move: spindle, actuator and power system 
fan. The microprocessor contributes 


to this simplicity by replacing all sequencing 
and servo logic with firmware. 

To eliminate scheduled maintenance, 
the 2700 dispenses with potentiometers. 
Dynamic adjustments are made inter- 
nally under microprocessor control. And 
the 2700's closed-loop air system means 
no filter changes. 

If there's ever a failure, internal 
diagnostics isolate the problem to one 
of three subassemblies: logic board, 
head/disk assembly or power system. 
And these components uncouple quickly 
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for fast replacement. All of this translates 
into high MTBF, low MTTR, to reduce 
your warranty and field service costs. 


To learn more. . . 

about tomorrow's disk architecture, 
today, contact OEM Marketing, Storage 
Technology Corporation, P.O. Box 6, 
Louisville, Colorado 80027. Or phone 
Frank Gunn at (303) 673-3051. In 
Canada: Ron Reardon, STC Ltd., 272 
Galaxy Blvd., Rexdale/Toronto, Ontario 
M9W 5R8. Phone (416) 675-3350. 
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BRIGHT DEGAUSS POWER 


End fuzzy thinking. 


Its high time that your computer 
graphics match the precision of your 
computers. 

High time that you look beyond 
the two-dimensional, indistinct, mono- 
chromatic technology of ordinary TV 
monitors. And see what an amazing 
difference Mitsubishi high-resolution 
color can make. 

Mitsubishi high-resolution moni- 
tors are available in a dozen models. 


For more information write Dept. 31, Mitsubishi Electronics of America, Inc., 2200 W. Artesia Blud., Compton, CA % 


In sizes to 26!" With scanning frequen- 
cies to 35kHz available off-the-shelf 
now, and soon, way into the 60kHzs. 

We got to be the worlds largest 
manufacturer of high-resolution tubes 
because weve been able to establish 
an enviable record of superior quality 
control and electronic stability. Which 
means you dont need to hire color 
convergence experts in order to catch 
what the factory missed. 
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So if youre an OEM, you could 
save yourself a lot of trouble by calling 
us at (213) 979-6055*for complete 
information. 

Or if youre an end user, call us 
at the same number for the names of 
interested OEMs. 

And, together, welll paint a cleaner, 
brighter future for everyone. 

PARTE 

ELECTRONICS 


220. *New Jersey sales office (201) 753 


TOTAL 


CDC COMPATIBILITY AND 


GREAT DELIVERY, TOO! 


The only thing worse 
than not having enough 
disk storage, is not be- 
ing able to get enough 
disk storage. 

Fortunately, the 
Ampex DM-9300AQ 
solves both problems. 
With 300 megabytes of 
reliable disk pack storage 
and off-the-shelf delivery. 

But the advantages of the 
DM-9300AQ don't stop with deliv- 
ery. It's completely compatible 
with CDC's 300 megabyte drive. 
So disk packs can be inter- 
Changed, written on, or read by 
either drive. Of course, the industry 
standard SMD interface, and 
power sequencing of both units 
are also compatible. 

DM-9300AQ disk pack swap- 
ping is as easy as using them. Its 
large front opening has been de- 
signed with the convenience of a 
top loader, and human engineered 
for minimal lifting. So even a 
20-pound pack Is easy to insert 


and remove. It's such a good idea, 
we're Surprised somebody didn't 
think of it sooner. 

But then, the DM-9300AQ is 
full of good ideas. Like highly reli- 
able on-track servoing, and a 
single port daisy-chain interface 
with ribbon cable that can be con- 
verted—in the field—to an internal 
dual port. 

And the same goes for main- 
tenance. Service requires only 
front, rear, or top access. Side 
access Is eliminated, So you can 


ANIPE X< 
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arrange the units 

side by side. What's 
more, the logic chassis 
in the rear of the 

unit swings out to 
provide easy access 
to all test points and 
connections. And 
extensive use of LEDs 
simplifies trouble- 
shooting. 

The DM-9300AQ has a lot to 
offer. But what's even better, is that 
it's all offered right now. With deliv- 
ery that’s ready when you are. 

The DM-9300AQ. Just one of 
a complete line of Ampex plug 
compatible disk drive memories 
for nearly any CPU. 

For more information, contact 
Gary Owen at Ampex Memory 
Products, 200 North Nash Street, 
El Segundo, California 90245. If 
you're really in a hurry call him at 
213/640-0150. Or contact your 
local sales office. 

Either way, we won't keep you 
waiting. 


MAKES THE DIFFERENCE. 


STD 


New: STD Bus 
products from 
intersil’s Systems 
Division. 

Introducing the ISB-3000 Series: A 
cost-effective and ultra-reliable new 
line of STD Bus compatible products. 
A full family — from processor cards 
to memory, from digital |/O cards to 
peripheral controllers. All supported 
by a general-purpose operating 
system for software development. 
And an on-line CPU-resident binary 
debugging monitor. 

And all available now. Off the shelf. 
From Intersil’s Systems Division. 
(And more new STD Bus products 
are to be announced soon!) 


ISB-3100 processor 
card (Z80). 


Z80-based processor card with fully 
buffered signals for maximum system 


expandability. Up to 4K bytes of RAM, 


8K bytes of EPROM and four interval 
timer/counter channels. Program- 
mable power on restart address. 


ISB-3110 processor 
card (8085). 


8085-based processor card with 
fully buffered signals to give maxi- 
mum system expandability. Up to 4K 
bytes of RAM, 8K bytes of EPROM 
and three interval timer/counter 
channels. Programmable power on 
restart address. 


ISB-3216 CMOS 


memory card. 
Up to I6K x 8 bits of CMOS RAM 
storage. Battery back-up for six-day 


data retention. Low power con- 
sumption. Flexible memory mapping. 
(Previously designated MCB-216.) 


ISB-3310 parallel 


input port card. 

Six independently latched input 
ports (8 bits/port). TTL-compatible 
with input rating of 1 low-power 
Schottky load. Two interactive hand- 
shake lines for each port. Polling- 
type interrupts. Six consecutive user 
selectable input port addresses. 


ISB-3320 parallel 


output port card. 

Six independently latched output 
ports (8 bits/port). TTL-compatible 
with output rating of 20 low-power 
Schottky loads. Two interactive hand- 
shake lines for each port. Polling-type 
interrupts. Six consecutive user 
selectable output port addresses. 


ISB-3400 floppy 


disk controller. 

Double density disk control of up 
to four floppy disk drives. Diskette 
formatting. Automatic track seek 
with verification. Automatic CRC 
generation and checking. On-board 
ROM plus IK bytes of scratchpad 
RAM. Compatible with IBM3740 
and other formats. 


ISB-3500 triac 


output card. 
Eight independent solid- 
state relays (40 to 280 
VAC, 2A). Optical 
isolation of 


ac and TTL signals. Power switch- 
ing at zero voltage crossing points. 
Built-in snubber networks. Keyed 
edge connector for ac power. User- 
selectable port address. On-card 
display of ac outputs. Safety shields. 


ISB-3510 
optoisolated 
input card. 


Eight independent ac or dc signal 
input lines (70 to 280V). Keyed edge- 
connector for interfacing input sig- 
nals. User-selectable port address. 
Interrupt capability. Safety shields. 


ISB-3520 reed 


relay output card. 
Eight independent SPST Dry Reed 
Relay outputs. On-card display of 
relay closures. User-selectable port 
address. Contact rating: 200V, max.; 
SA, max.; IOV.A., max.; 20 resis- 
tance; 300VDC min. breakdown. 
System reset opens all relays. 
Typical open or closure time: 
<500us. Keyed edge con- 

nector for outputs. 


ISB-3600 
arithmetic card. 


High-speed card using a versatile 
Arithmetic Processor Unit. Fixed 
point 16- and 32-bit operations. 
Floating point 32-bit operations. 
Add, subtract, multiply and divide. 
Trigonometric and inverse trig. 
Square root, logarithms, exponen- 
tials. Floating to fixed, fixed to float- 


ing. Stack-oriented operand storage. 
Software programmable interrupts. 


User-selectable port addresses. 


ISB-3700 
synchronous/ 
asynchronous 
communications 
card. 


Two independent communication 
channels, using a Programmable 
Communications Interface 
device. RS-232-C and 

20mA current 


loop connections. Selectable baud 
rates: 50 to 19.2K baud. Vectored or 
polled interrupts. User-selectable 
port addresses. 


Call our hot line: 


(408) 743-4442. 


Here's a very broad STD Bus 
product offering. From the people 
who've been building cards and 
systems for the last ten years. Who 
have shipped over five billion bytes 
of memory systems. And who have 
a reputation for quality and service 
that didn’t happen by accident. 


So when you think STD Bus — 
think Intersil’s Systems Division. 
Call us for the details. 
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BUS 


INTERSIL 


SYSTEMS DIVISION | 


Marketing Department, 1275 Hammerwood 
Ave., Sunnyvale, CA 94086. (408) 743-4300 or 
Hot Line (408) 743-4442. 


Please tell me more! 


CJ ISB-3100 C) ISB-3320 C1) ISB-3520 
ISB-3110 CJ ISB-3400 CL) ISB-3600 
ISB-3216 (J ISB-3500 C) ISB-3700 
ISB-3310 C1 ISB-3510 

Name/Title 

Company 

Address 

City/State/Zip 

Phone | 

| | | 
CD11/80 
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SOFTWARE 


improved Software 
Offers Increased Speed, 
More Efficient Storage 


INFORMATION™ system software has 
been enhanced to offer more efficient 
storage, dynamic reorganization 
capabilities, and three times faster exe- 
cution speed. Prime Computer, Inc, 40 
Walnut St, Wellesley Hills, MA 02181, 
has also incorporated features that 
make the relational-like data base 
easier to work with in the software. 

To improve data file storage and 
execution time and give the program- 
mer more flexibility, the system lets 
users organize files on a ‘‘what if” 
basis to avoid wasting disc space. A 
record distribution report reflects the 
storage efficiency of an existing file if 
the file type or modules or both are 
altered. When an appropriate file 
organization has been verified, 
reorganization is accomplished 
without need to copy the file. 

The sequence of logical operations 
in the query and report generator is 
designed to reduce a file subset to its 
final size as quickly as possible. Users 
can access the database by the way a 
word sounds when its spelling is 
unknown. Other features include a 
sorter that permits items to be filed in 
ascending or descending order and a 
recorder that monitors user opera- 
tions. Output presentation has been 
improved by a vertical format feature 
that allows data to be changed from a 
default horizontal to a vertical format 
to accommodate size restrictions. 
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Pascal Revision 
Offers Assembler 
Interface Facilities 


Release 2.10 of Pascal features 
facilities for assembler interface and 
the separate compilation of procedures 
and functions. Announced by Rational 
Data Systems, 245 W 55th St, New 
York, NY 10019, for Data General 
computers, the Pascal package retains 
its closeness to the proposed standard 
for Data General Pascal implementa- 
tions while providing extensions 
demanded by users. 
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Pascal Compiler Produces 
Optimized, Sharable Code 
For 32-Bit Machines 


A Pascal compiler that produces op- 
timized sharable code (from the Com- 
puter Systems Div of Perkin-Elmer 
Corp, 2 Crescent Pl, Oceanport, NJ 
07757), takes full advantage of the 
32-bit architecture of the company’s 
minicomputers, including models 3220 
and 3240, Full integration with software 
for the family provides comprehensive 
support for all phases of the program 
development cycle. Up to 64 users can 
share access to the compiler for 
development and testing of Pascal pro- 
grams. 

Conforming to the ANSI draft 
language standard, the implementa- 
tion offers a number of language ex- 
tensions appropriate to various ap- 
plications areas. Among these are sup- 
port for modular program develop- 
ment, separate compilation of Pascal 
procedures, easy access to external 
library routines written in Pascal, FOR- 
TRAN, or Assembler, and facilities pro- 
viding access to executive service 
routines for commonly needed func- 
tions such as time of day, date, device 
assignments, and file positioning. 

For the scientific user, Pascal pro- 
vides considerable flexibility and 
power. REAL and SHORTREAL variables 
are supported by the _ processor’s 
floating point facilities, giving 16 
digits of precision for REAL numbers 
and 6 digits for SHORTREAL. INTEGER 
and SHORTINTEGER allow the user to 
choose between the range of 32-bit 
values and the memory economy of 
16-bit half-words. The package uses 
the mathematical function library to 
provide accurate results. For time- 
critical applications, a microcode ver- 
sion of this library is also available. 

The implementation supports Pascal 
Identifiers unique to 140 characters, 
sets of up to 128 elements including set 
of characters and record compares. 
Additionally, the compiler generates 
code for runtime range checking of 
subscripts, case labels, variant tags, 
and pointer values to help ensure ap- 
plication integrity. This code may be 
optionally eliminated for time-critical 
applications. 
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High Performance 
PL/| Compiler 
Executes on VAX-11/780 


A high performance PL/I language 
compiler for VAX-11/780 systems ex- 
tends the proposed ANSI X3.74 subset to 
maintain full file organization and ac- 
cess support and to allow calls to the 
VAX/VMS operating system. In the com- 
piler Digital Equipment Corp, 
Maynard, MA 01754, has provided the 
ability to call routines written in all 
VAX-11 languages as well as use the 
common VAX runtime library, in- 
cluding mathematic and trigonometric 
functions. 

Combining scientific features of 
languages such as FORTRAN and ALGOL 
with commercially oriented features of 
COBOL, the block structured language 
supports floating point, binary, and 
decimal data types; arrays; and struc- 
tures of data, character strings, and bit 
streams. Support is provided for se- 
quential, relative, and indexed file 
organization as well as sequential, ran- 
dom, and keyed file access. 

Intended for VAX configurations 
containing 512k bytes or more of 
physical memory, the compiler com- 
pares with .VAX FORTRAN in 
speed—between 2000 and 3000 
lines/min—and generated code has 
equivalent execution speed. Available 
in December, the package has a single 
use license fee of $12,000. 
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Data Entry Software 
Extends Floppy Disc into 
Distributed Processing 


Prompted Data Entry software ex- 
pands performance of Flexifile 21 
floppy disc subsystem beyond message 
handling. Announced by Tri-Data, 505 
E Middlefield Rd, Mountain View, CA 
94043, the program provides the tools 
needed to format input data on an in- 
teractive step by step basis. 

By displaying or printing questions 
and statements at the terminal, the 
program aids untrained operators 
entering data. Menus and prompts 
enable relatively untrained personnel 
to develop formats for a variety of 
transaction processing workstations. 
In addition, the software is capable of 
detecting syntactical errors and 
generating corrective messages. 
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OUR MICROCOMPUTER TALKS 


When you need a powerful process- 
ing system that talks to your world... 
you need a COMMANDER CON- 
PUTER. Four standard RS-232C ports 
handle serial data to 19,200 baud, al- 
lowing you to add low speed peripher- 
als or even communicate with remote 
devices over a phone line. But if you 
need higher speed or more flexibility, 
use COMMANDER 's parallel |/O under 
program control. And, if that’s not effi- 
cient enough, select the optional DMA 
port to process parallel data on a cycle- 
steal basis direct to memory. COM- 


™CP/M and MP/M are trademarks of Digital Research 


MANDER's optional IEEE/488 con- 
troller gives you direct interface to the 
world of instrumentation and a host of 
compatible devices readily available. 
The optional Real Time Interface mod- 
ule gives you individual bit I/O to input 
status lines and digital sensor signals 
...or to Output alarms and commands. 
And you can use up to four indepen- 
dent programmable real time clocks for 
precise time interval control without 
wasted processor time. Inquiries for 
custom features are welcome. 

BUT THAT'S NOT ALL...Select the 


TO YOUR WORLD. 


COMMANDER configuration to fit 
your system need. The models 500 
and 900 have an integral CRT and key- 
board while the models MX and FX 
(not pictured) can be married to a sim- 
ple terminal for operator interface. 
Add the optional arithmetic unit for 
high speed fixed point or floating point 
processing. And, if your application re- 
quires graphics, optional memory is 
added to provide 512x256 video 
graphics capability. 

All COMMANDER models will exe- 
cute higher level programs in BASIC, 
FORTRAN or COBOL or machine level 
programs in MACRO-80 Assembler. 
Operating programs are executed un- 
der CP/M™ FDOS, the new MP/M™ 
operating system or UCSD Pascal. 


COLUMBIA 


DATA PRODUCTS.INC. 


Computer Systems Division 


8990 Route 108 
Columbia, MD 21045 
Tel: 301-992-3400 TWX: 710-862-1891 
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Data Systems Design’s 
ne DSD 880 


Introducing the DSD 880 — 

A DEC-compatible 
, disk system combining 
a ‘eightinch Winchester and flexible disks 


For DEC users who need more capacity and performance than a dual RxX02, 
the DSD 880 now offers a more cost effective alfernative than a dual RLO1. 
Consider these benefits offered by the DSD 880: 


e significantly lower initial and total life-cycle costs 
e the reliability of a Winchester, with 7.5 Mbytes, emulating RLO1 
e the removability of a flexible disk, with 1 Mbyte, emulating RX02 
e valuable saving in rack space (5'%” vs. 21” for dual RLO1) 
@ unique “hyperdiagnostics” enabling fast and easy trouble-shooting to the 
modular level 
built-in bootstrap eliminating the need for an expensive DEC bootstrap board 
and saving a backplane slot 
@ one half-quad backplane slot vs. two quad boards for the RLV11 
e versatile interface card for easy integration with any LSI-11 backplane, unlike 
DEC’s RLV11 interface that needs a special backplane and cannot 
be used with the VT 103 terminal 


Compare for yourself and see why nothing compares to the DSD 880. 
B 
The Intelligent Alternative to DEC Disk Systems 


To get more information on the DSD 880 call or write: 


CORPORATE HEADQUARTERS: WESTERN REGION SALES: EASTERN REGION SALES: 
2241 Lundy Avenue 2560 Mission College Blvd., Suite 108 51 Morgan Drive 

San Jose, CA 95131 Santa Clara, CA 95051 Norwood, MA 02062 
TEL: (408) 727-9353 TEL: (408) 727-3163 TEL: (617) 769-7620 
TWX: 910 338-0249 TWX: 910 338-0249 TWX: 710 336-0120 


INTERNATIONAL SALES: Australia, Melbourne (03) 543-2077, Sydney (02) 848-8533; Canada (416) 625-1907; Denmark 01/83 34 00; 
Finland 90/88 50 11; France 03/956 81 42; Israel 03/ 298783; Italy 02/ 4047648; Japan, Osaka (06) 323-1707, Tokyo (03) 345-1411; 
Netherlands 020/45 87 55; New Zealand 693-008; Norway 02/78 94 60; Sweden 08/38 03 70; Switzerland 01/730 48 48; United Kingdom 
01/207-1717; West Germany and Austria (089) 812 6005. 


® Registered trademark of Digital Equipment Corporation 
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Megabit bubble 


modules available now. 
Ask Rockwell. 


128K or 256K bytes 
on a single board. 


RMS141 and RMS142 bubble 
memory modules include 
controller and support cir- 
cuits. The RMS141 uses one 
Rockwell RBM411 megabit 
bubble memory device, the 
RMS142 uses two RBM411s. 
Both modules are available 
for immediate delivery 
off-the-shelf. That’s 128K or 
256K bytes of non-volatile, 
low maintenance, compact 
memory. Available now. 

Ask Rockwell. 


Fast, economical 
bubble module 
start-up. 


Our bubble modules (with 
256K or megabit capacity 
devices) interface with our 
AIM 65 microcomputer to 
form a powerful evaluation 
system at the lowest cost to 
you. User manuals, specifi- 
cation literature and appli- 
cation notes help you apply 
bubbles to your products 
quickly and efficiently. Ask 
Rockwell to help with appli- 
cation assistance if you 
need it. 


Ask for ‘ 
demonstration. 


If you're ready to get hands- 
on experience with Rockwell 
bubble memory systems our 
distributors have demon- 
strators that will let you go 
to work immediately. To get 
the name of your closest 
distributor orrepresentative, 
call Rockwell International, 
Bubble Memory Products, 
Electronic Devices Division, 
P.O. Box 3669 RC55, 
Anaheim, CA 92803. 

(800) 854-8099 (in California 
800-422-4230). Ask Rockwell. 


A Rockwell International 


.. where science gets down to business 
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If you want a choice 
in print wheels, 


theres only one choice 
in printers. 


It’s the only one that lets your customers use either metal or plastic print wheels. 
Which means they can choose the print wheel that’s just right for the job. 

The 630 works as well with a 96-character plastic daisy print wheel as it does with an 
88-, 92-, or 96-character metal daisy print wheel. In over 100 different type styles. 

Every 630 has a fully strappable power supply. It’s as easy to use in Paris, Kentucky 
as it is in Paris, France. So you only need to stock one printer for 
international and domestic markets. 

It has fewer moving parts than competitive printers, which 
makes it more reliable. And it i unsurpassed print quality. Compat- 
ibility with Diablo supplies. And bi-directional printing capability. 

The 630 is 0 only printer in the world that uses both metal 
and plastic wheels. 

Once your customers hear they can change their print 
wheels, they're going to be changing their printers. 

To Diablo 630 printers. 


Diablo Systems 


Diablo® and XEROX® are trademarks of XEROX CORPORATION. 
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SOFTWARE 


TECHNOLOGY REVIEW 


Software Tools Aid in 
Program Development and 
Project Management 


FORTRAN Formatter, Interface 
Documenter, Documenter A, Symbolic 
Debugger, and project accounting 
mechanism in the MPX-32 operating 
systems assist managers to control pro- 
gram development and maintenance 
time and costs. Systems Engineering 
Laboratories, 6901 W Sunrise Blvd, Ft 
Lauderdale, FL 33313, has targeted 
the packages to help programmers us- 
ing the company’s 32-bit word com- 
puters. with structured programming 
methodologies and MIL-STD-1644 coding 
and documentation standards. 

The FORTRAN formatter standard- 
izes the appearance of FORTRAN-66+ 
and FORTRAN-77+ programs by 
automatically indenting and aligning 
FORTRAN code. Regardless of the cur- 
rent source coding conventions, output 
is formatted with logic structures in- 
dented appropriately to reveal top- 
down block structures. 

Documenter A expedites uniform 
documentation of source programs 
and provides timesaving features for 
editing source programs and libraries. 
Management defines documentation 
templates which detail both topics to 
be documented and their formats. Pro- 
grammers simply write code and 
documentation in shorthand format, 
with the software extracting comments 
and aligning them according to the 
predefined template. The tool operates 
on any source program including 
FORTRAN-66+, FORTRAN-77+, COBOL, 
Macro Assembler, and Pascal. 

The interface documenter can be 
used by programmers during debug- 
ging, system integration, documenta- 
tion, and maintenance phases of a pro- 
ject. It documents subroutine module 
interdependencies and assists in 
verification of design criteria by pro- 
ducing five cross-references and 
memory requirement reports. 

The symbolic debugger speeds loca- 
tion and correction of programming 
errors, and provides symbolic access to 
global symbols, statement labels, and 
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local variables for FORTRAN-66+, 
FORTRAN-77+, and Assembler _pro- 
grams. The package enables users to 
interactively control and monitor pro- 
gram execution, allows programs to ex- 
plicitly call the debugger, and permits 
users to interrupt any executing pro- 
gram to dynamically initiate debug- 
ging activities. 

The MPX-32 operating system pro- 
vides project accounting facility to 
supply data on programmer program- 
ming sessions including log-on time 
and CPU utilization, and to summarize 
this information per programmer or 
project. Managers implementing struc- 
tured programming techniques can 
account for time spent per project 
phase with this mechanism. 

All tools are intended to assist pro- 
ject managers implement structured 
methodologies by enforcing standards, 
measuring project progress, and im- 
proving programmer productivity. 
These tools and methodologies are 
capable of reducing software costs by 
half. They are available under either 
RTM or MPX-32 operating systems, ex- 
cept for the symbolic debugger, which 
is supported only under MPX-32. 
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Automatic Software 
Documentation System 
Cuts Maintenance Costs 


SS/80 cuts software maintenance costs 
by automatically documenting whole 
systems of programs written in COBOL 
and ADPAC. Introduced by ADPAC Corp, 
120 Howard St, San Francisco, CA 
94105, the system treats user programs 
as data and produces from them a 
complete set of graphics and narrative 
text that documents source programs 
at any level of detail down to in- 
dividual subroutines. Since documen- 
tation is source driven, it is up to date. 

The software also functions as a 
design tool for building structured pro- 
gram shells in computer maintained 
text. It generates its own progress 
reports and, when design is complete, 
stored structures form the beginning 
of actual code. 

Documents are produced in both 
graphic and textual form. Among the 
graphic displays are structure charts 
showing function of subroutines, struc- 
ture diagrams showing program and 


module names and titles, system 
package diagrams showing housekeep- 
ing features of large systems in com- 
pact form, and 1/0 file structures show- 
ing 1/0 requirements for any program 
in system. Textual printouts include 
system profiles with descriptive details 
indented to show hierarchical struc- 
ture of system, narrative descriptions 
outlining function of each program 
module, and system wide cross- 
references showing where every I/O 
parameter is used and where every 
program or entry point is called. 

SS/80 works on IBM System 360/370 
and 4300 computers as well as on com- 
patible equivalents. It runs with all IBM 
operating systems. 
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Data Encryption System 
Meets Growing Need for 
Security and Privacy 


PSYPHER, a generalized software 
system for encryption of data and pro- 
grams, provides privacy and maintains 
confidentiality of privileged informa- 
tion. MBS Consulting, 6407 Irwin 
Court, Oakland, CA 94069, designed 
the system to transform files (binary or 
ASCII/EBCDIC) into unintelligible ran- 
domized bit patterns or random 
character streams. The system offers 
maximum protection because each 
copy is distributed with its own 
algorithm. 

Input can be binary or character 
coded files with record length fixed or 
variable. The system operates in one of 
two user selected modes: binary or 
character processing. Binary process- 
ing transforms the input file into a 
completely unintelligible stream of 
random bit patterns. The resulting en- 
coded binary file has records of ran- 
dom length. Character processing pro- 
duces a file of random printable 
characters—!#$%¢&()—O through 9 
and A through Z. Output records are 
80 characters and fixed length. 

Approximately 8k 16-bit words of 
memory are required to run_ the 
system. It is presently available in load 
module form for operation on Data 
General, DEC, IBM, and CDC systems. 
Standalone runtime on an Eclipse $/130 
is approximately 71k 8-bit bytes/min in 
binary processing mode; this time is 
significantly reduced on mainframes. 
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COMPUTER DESIGN/NOVEMBER 1980 


“Our new VISUAL 400 
tops the industry’ finest line 
of video terminals.” 


“Compare Visual's line of terminals with any other in the industry. Character or block mode. 80 or 132 
columns. Black and white or green and black screens. Double high and double wide characters. Super 
editing. Limited graphics. Paging. International character sets. Programmable function keys. We emulate 
and outperform terminals from DEC®, Hazeltine, Lear Siegler and ADDS. Chances are we've got the right 
terminal at the right price for you. Call our marketing department and see for yourself.” 

Tom Foley, President 


VISUAL 100 — VISUAL 200 — Switchable Emulations VISUAL 210 — Block Mode 
DEC VT100° Compatible ™ Switch selectable emulation of DEC @ A\l the features of VISUAL 
Plus VT52°, Hazeltine 1500, ADDS 580, 200 plus... 

m@ Advanced video pack- LSI ADM-3A @ 14 user programmable 


age is standard @ Non-glare tiltable screen 
= Non-glare, tiltable screen ™ Detached solid state key board 
™ Detached solid state key- m Large 7 x 9 dot matrix char- 


function keys, up to 48 
codes each may be down 
line loaded 


board, n-key rollover acters with descenders for @ Transmit line, field, page 
= CHT saver feature lower case m@ User “hae nabdei mes- 
® Serial buffered printer m Background/foreground, sage framing including 
interface option blink, security fields, editing Peres end My 
@ Hewlett-Packard protocol ™ EIA-RS232-C and 20 ma inter- hie iene sda 
compatibility option faces, serial printer port, 


@ Remote transmit 
@ Suspend/resume transmit 
@ Transmit unprotect/all 


smooth scroll, 14 function keys 
m= Numeric keypad and cursor 
positioning keys 


VISUAL 400 — Top Of The Line 

@ All the advanced video capabilities of the VISUAL 
100, i.e., 80 or 132 columns, etc., plus... 

@ Flexible block mode transmission parameters 

@ Multiple field definitions including numeric only, 
alpha only, must fill, total fill, right justify, protect 

@ 8 resident national character sets & line drawing 

@ Programmable non-volatile function keys 

® Control code display 


@ Printer port independent of communication interface See for yourself 
® 2 or 4 optional pages of memory; flip page or scroll ee 
m Set-up modes for selection of terminal parame- Visual Technology Incorporated 
ters, eliminating cumbersome switches Railroad Avenue, Dundee Park, Andover, MA 01810 


Telephone (617) 475-8056 Telex 951-539 
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DIGITAL CONTROL AND 
AUTOMATION SYSTEMS 


Minicomputer Tracks Other Computers 
From Final Assembly to Shipping 


Bottlenecks and long transit times between a minicomputer 
manufacturer’s production line and its shipping depart- 
ment have been eliminated and reduced, respectively, by a 
system based on minicomputers. A “‘data capture’’ system 
in operation at Hewlett-Packard’s Grenoble Div in Gre- 
noble, France, uses an HP 1000 model 40 minicomputer and 
1] terminals to locate and track the position of HP 1000 com- 
puters and HP 3070B CRT terminals from the time they are 
fully assembled to the time they are ready to be shipped to 
customers. The results show a reduction in the period 
needed for a finished product to reach the shipping depart- 
ment, a lower finished goods inventory, and an improve- 
ment in meeting promised ship dates. 


Interfacing the System 


In addition to the minicomputer and CRT terminals, the 
data capture system contains two HP 2645 data display sta- 
tions and a 1250-line/min printer. Memory consists of 128k 
bytes in the minicomputer and 19.6M bytes on disc. A tape 
drive is included for backup storage. The HP 1000 is linked to 
and acts as the frontend unit for an HP 3000 central com- 
puter that ties into an online inventory control and material 
requirements system. 

Using the HP 1000 as a front end reduces the CRT load on 
the HP 3000 (already running 30 CRTs) and enables a 
response time of 1 s or less to be maintained. The small 
computer oversees data capture and terminal control func- 
tions and passes prevalidated data to the larger computer 
for processing. DS/1000, a combined hardware, firmware, and 
software feature on the small computer communicates with 
its counterpart—DS/3000—on the larger machine to 
establish a distributed processing link. 

IMAGE/1000, the database manager for the small computer, 
automatically stores and retrieves data and allows different 
data sets to share the same data. It eliminates the need for 
reprogramming when the data base changes. QUERY/1000, an 
English-like data entry and inquiry language that lets order 
control clerks and plant managers use the system without 
programming knowledge, complements IMAGE. Only a series 
of simple commands are required to access the IMAGE data 
base with QUERY. DATACAP/1000, another software feature, 
generates the applications programs required to support 
the different transactions conducted on each of the data 
capture terminals and interfaces these programs with the 
database manager. 
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The system’s data base handles a monthly throughput of 
some 5000 different products and involves entering and up- 
dating this data base with 40,000 separate transac- 
tions/month. In addition to products actually built, informa- 
tion is maintained on an additional 10,000 products in 
various stages of planning or production—for use by the 
order control department to match customer orders with 
products. 

Each product listing in the data base contains 34 separate 
information fields, such as model, serial number, customer 
order number, due date, actual production date, projected 
ship date, actual ship date, box weight, and box identifica- 
tion number. Information storage and access are governed 
by four master sets (files) or keys provided by the IMAGE 
software. By maintaining only a relatively small number of 
files the IMAGE data base is held to a level that can be 
understood and used by employees with a minimum of 
training. 


Operating the System 


A 2-part traveler card (Fig 1) is generated for each product: 
one part contains a mark sense code with product data that 
can be read by the terminals; the other contains a hardcopy 
printout of the same information (the latter prevents card 
mixups). These cards are generated weekly to match the 
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Fig 1. Traveler cards. These 2-part cards, generated 
weekly for all products scheduled to be manufactured 
during that relevant period, contain machine readable 
mark sense code on one side and hardcopy printout on 
other side for use by plant personnel 
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Distributed 1/O Control for the 
80's from Opto 22 


64 |/O Stations Per Host 
Computer 
192 |1/O Points Per Station 


Simple Twisted Pair Communica- 
tion To The Host and Station-to- 
Station 


Digital and Analog I/O Modules 
Efficient Protocol 

Versatile Command Set 
Watchdog Timer 

Latched Inputs and Time Delays 
Extensive Communication 
Attachments 

Isn't it what you expected from 
Opto 22? 


Link to 63 additional addressable 
SAMUX II units. 


Serial communication link with 
host computer via two twisted 
pair wires. Choice of RS-232, 
20 ma current loop, RS-422 or 
optically coupled interfaces. 


Modules per station range from 


15461 Springdale St. ult 

Huntington Beach, 96 digital power 1/O plus 48 
CA 92649 analog to digital plus 8 digital 

(714) 891-5861 to analog or up to 192 digital 

(800) 854-8851 power |/O. 


Telex: 692386 
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Bubble Price Break 


Intel reduces prototyping prices of 1-megabit bubble 
memories by 40% now. And guarantees a volume price 
of $595 for complete component sets by August 1981. 


Fast-breaking bubble technol- 
ogy. You’ve been hearing about 
it for years. Now Intel announces 
the kind of break you’ve been 
waiting for: a price break. 

On August 11th, Intel lowered 
its 100-unit price for the BPK72 
Bubble Memory Kit by 40% to 
$995— less than 100 millicents 
per bit. 

By August 1981, the price of 
megabit bubble memories ordered 
in 5,000-unit lots will be an 
unprecedented $595. That’s 60 
millicents per bit. Not “projected.” 
Not “expected.” Guaranteed. 

One year later, for 25,000-piece 
orders, the unit price will be $295 
—cutting the per-bit price in half 


once more. Again, we guarantee it. 


How can Intel guarantee such 
a sharp price reduction? Simple. 
Intel was the first to bring produc- 
tion l1-megabit bubble memories 
to market. We’ve been delivering 
them for over a year, for a wide 
range of applications, and now 
we’re moving prices down the 
manufacturing learning curve. 


Get more than bubbles 
Intel’s bubble memory is a 
complete set of bubble compo- 
nents for microprocessor-based 
applications. This set consists 
of six special support ICs: a con- 
troller, a formatter/sense amp., 
three packages for coil driving 
and a current pulse generator. It 
interfaces to Intel® and other 
microprocessor system buses via 
the controller, which handles up 
to eight bubble memory packages, 
and provides built-in power fail 
protection and error correction. 
The bubble element and its 
small set of associated ICs can be 


treated as a peripheral subsystem. 
This allows designers to con- 
centrate on higher level system 
objectives, instead of spending 
time learning the intimate details 
of bubble device interfacing. Thus 
minimizing expense in hardware 
and software development. 


Add more value 
to your product 

With Intel’s solid-state bubble 
memory, all that moves is the 
information. That means high 
reliability and low maintenance 
for your products, even in harsh 
or unclean environments— the 
kind where disks and tapes won’t 
go. And since the memory is 
completely nonvolatile, your data 
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remains secure when the power 
goes off. No battery backup or 
replacement is necessary. 
Furthermore, Intel’s bubble 
memory system is small, light- 
weight and silent. By packing 
over | million bits into less than 
100 square centimeters of board 
space, it allows you to reduce 
the size, weight and power con- 
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sumption of your products. 

As the natural mass storage for 
LSI microprocessor-based systems, 
Intel’s megabit bubble memory 
makes it practical to design more 
features into your equipment. 

So now you can build in program- 
mability. Portability. Reduced 
service and repair costs. All with 
ensured data integrity, even in 
hostile environments. Consider 
what that means in your 
applications. 


Start designing now 

Everything you need to start 
designing your next generation 
product is included in our Bubble 
Memory Prototype Kit (BPK72), 
available now from distributor 
stock. It contains all the compo- 
nents necessary for a 1-megabit 
system, plus a printed circuit board 
and complete documentation. 

To find out how bubble mem- 
ories can give you that competitive 
edge in your next project—and 
to receive our bubble brochure, 
contact your local Intel sales 
office/distributor. Better yet, have 
one of our field sales engineers 
give you a firm quote based on 
exactly what you need for your 
next product. Write Intel Cor- 
poration, 3065 Bowers Avenue, 
Santa Clara, CA 95051. Or call 
(408) 987-8080. 


intel delivers 


solutions. 


Europe: Intel International, Brussels, Belgium. 

Japan: Intel Japan, Tokyo. United States and Canadian 
distributors: Alliance, Almac/Stroum, Arrow Electronics, 
Avnet Electronics, Component Specialties, Hamilton/Avnet, 
Hamilton/Electro Sales, Harvey, Industrial Components, 
Pioneer, L.A. Varah, Wyle Distribution Group, Zentronics. 
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Now DDC offers the only and bipolar input ranges. 


fast, low cost analog to High speed converters for Spectrum analyzers, They feature a1.5 us 
digital converters charac- FFT devices and digital oscilloscopes. conversion time, —72dB 
terized for frequency total harmonic and inter- 
domain applications including spectrum and FFT modulation distortion and 0.0125% FSR linearity. 
analyzers and digital oscilloscopes. Other appli- The ADC-4450 is intended for an external clock 
cations include multiplexed data acquisition sys- input; an internal clock and clock output is avail- 
tems, vibration modal analysis, sonar or radar able in the ADC-4452. 
signal digitizing and nuclear instrumentation. For details on the world’s first frequency domain 
The ADC-4450 series of compact, 12-bit analog to digital converters for under 


modules are successive approximation de- $100, call or write ILC Data Device 
vices designed to operate with six unipolar 'DiDic Corporation. *100 unit quantity 
iLc DATA DEVICE CORPORATION 


EXECUTIVE OFFICES: ILC Data Device Corporation, Dept. L-2,105 Wilbur Place, Bohemia, NY 11716, (516) 567-5600, TWX: 510-228-7324 
LOS ANGELES: ILC Data Device Corporation, Dept. L-2, 7337 Greenbush Avenue, No. Hollywood, CA 91605, (213) 982-6454, TWX: 910-499-2674 
DALLAS: ILC Data Device Corporation, Dept. L-2, 415 East Airport Freeway, Suite 490, Irving, TX 75062, (214) 252-7624 
LONDON: DDC United Kingdom Ltd., Dept. L-2, 128 High Street, Hungerford, Berkshire, RG17 ODL, England 04886-2141/2142, TLX: 851-848826 
PARIS: DDC Electronique, Dept. L-2,4 Rue de |'Abreuvoir, 92400 Courbevoie, France, (1) 333-5888, TLX: 842-630609 
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DIGITAL CONTROL AND 


AUTOMATION SYSTEMS 


planned production and are filed at the appropriate produc- 
tion lines until the respective products are completed. 


When generating cards, an operator uses a small FOR- 


TRAN program to enter latest production information. The 
program automatically assigns a tracker identification 
number that accompanies each product up to the time it is 
shipped. A second program is then used to actually print the 
cards in batches of 50 to 200. Operators insert the machine 
readable portion of the card into their terminal’s card 
reader at various checkpoints to “‘capture’’ product data 
(Figs 2 and 3). DATACAP software provides for simple card 
reading at some checkpoints and more complex interactive 
procedures at others. 

Actual tracking of a product begins when a production 
line operator passes that product’s traveler card through 
one of the data capture terminals to record product data 
and the date and time the product was completed. The card 
is then attached to the product and both are sent to quality 
control. 

At quality control, an inspector first passes the card 
through the card reader on a terminal to record product 
data and the date and time of inspection. The data capture 
terminal then prompts the inspector for a 2-digit inspector 
identification code and coded answers relating to the condi- 
tion of the product and its appearance. If the terminal 
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Fig 2 Data capture terminal in use. Operators at each 
of several checkpoints insert mark sense code side of 
traveler card into card reader on terminal. DATACAP 
software is formatted to accept simple data at some 
checkpoints and more complex information at others 
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Fig 3 Closeup of HP 3070B terminal panel. Information 
is sent to HP 1000 minicomputer to update product 
status record maintained by that unit for HP 3000 central 
processor 


already shows a previous inspection for a product, a 
duplicate routine is called up on the terminal to prevent the 
new inspection data from replacing results of the original 
inspection. After the quality control check, the product is 
transferred to the finished goods storeroom. Again, its 
traveler card is scanned so that its presence at this location 
will be recorded. 

When the product is removed from the finished goods 
storeroom for delivery to a customer, its card is scanned to 
record the departure date, and the product goes directly to 
the packing department or to the systems integration center 
for assembly into a larger system. Here, the terminal scans 
the traveler card for each component as well as a separate 
traveler card for the assembled product. 

At the packaging site, the product’s traveler card is again 
scanned and the weight of each box number is entered. Us- 
ing DATACAP, packers identify box number and weight with 
all products that were assembled into systems by simply 
pressing a terminal key. Traveler cards are scanned for the 
last time as the product is loaded onto a truck for shipping. 

Information entering the system through scans of the 
various traveler cards is readily available both for 
generating complete hardcopy reports and for answering 
online questions, such as the location or status of a product. 
Online information is displayed on the CRT screen; hard- 
copy reports on production levels, inventory, transit times 
between checkpoints, product and customer shipments, and 
component quality control are generated by the high speed 
line printer. Shipping and quality control reports are 
generated on the first working day of the month, and 
shipped products are removed from the data base. 
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Installation of flight management systems on its fleet of 
Boeing 747 jumbo jet aircraft is expected to save Pan 
American World Airways 7.5M gallons of aviation fuel— 
equivalent to roughly $5.55M by today’s prices—per year. 
Although that saving amounts to only 1.5% of the fuel nor- 
mally used, the effect on energy conservation is impressive. 

The flight management systems are made by Delco Elec- 
tronics and are based on that company’s F-130A flight man- 
agement computer. Fuel consumption is minimized through 
closed loop control of aircraft pitch and thrust. Throttle ad- 
justments made by the system maintain the optimum speed 
selected by the pilot and minimize accelerations during 
maneuvering to reduce unnecessary fuel consumption. 
Pitch control is achieved through the plane’s automatic 
pilot. Adjustments are made by the management systems 
continually through climb, cruise, and descent phases. 

A year of flight test and evaluation on a 747 in regular 
scheduled service, in which over 400 hours of controlled 
flight time was compared with over 900 hours of uncon- 
trolled flying time on the same aircraft under similar condi- 


tions, preceded the decision to install the systems on the en- 
tire fleet. Installation of the flight management systems 
began early this year on 10 long range 747 SP aircraft and on 
29 standard 747-121 models; contract options allow for later 
installations on 6 all-cargo 747s. Production certification is 
scheduled for early next year. 

Each system consists of four separate packages: the com- 
puter, an alphanumeric control display, a switching unit for 
electrical hookup, and an engine data monitor. The com- 
puter, measuring 4.5 x 6 x 20 in (11.5 x 15 x 51 cm) and 
weighing about 28 lb (13 kg), uses NMOS LSI circuits de- 
signed and developed by Motorola Semiconductor Products 
Inc, PO Box 20912, Phoenix, AZ 85036. Motorola’s in- 
tegrated circuit application research laboratory par- 
ticipated with Delco Electronics in designing and develop- 
ing the chip set and was later qualified to provide the LSI 
circuits. Included in the chip set are a programmable com- 
munications interface, memory controller, input/output con- 
troller, digital input processor, central processing unit, and 
arithmetic unit. 
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With An Intelligent 
Cartridge Tape Recorder 
From Columbia Data 


Select one of our Series 300 recorders for reliable, low cost data storage...and you 
get much more. Choose the 300C for its comprehensive search and edit capability to 
Satisty file management, word processing and data storage / retrieval applications with 
up to 3.0* Mbytes capacity. Or select the 300D for remote operation with serpentine 
recording and power fail /auto restart for uninterrupted data acquisition, auto answer for 
remote data polling over phone lines, and up to 5.15" Mbytes capacity. 


AND WHICHEVER 300 me CHOOSE...you get dual RS-232 port pee: with 
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TRANSPARENCY 


COLUMBIA 


DATA PRODUCTS,INC. 


“With this catalog, these analog I/O boards, and our guaranteed 
five-day delivery, were something of a freak in this business” 


Fred Molinari, President 


In this business, being good means being 
unusual. 

For instance, we guarantee to deliver 
analog I/O for your microcomputer within 
five days. That’s unusual. 

But more to the point, we offer an unusu- 
ally broad and technically advanced selection of 
high accuracy, high resolution data acquisition 
system (DAS) modules and boards. 

Data Translation was the first to put DMA 
on a board, and the first with 16-bit DAS. We 
were the first to put isolated DAS modules on a 
board, and the first with a DAS software library. 

Whether your application is laboratory or 
industrial, you will benefit by our unusually 
thorough approach. 

Each of our boards and modules comes 
with free diagnostics and documentation. 

Each module is subjected to rigorous testing, 
including a three-day burn-in. 

Our modular concept allows us to provide 
the widest range of products. More important, 

it offers you . 
wie sa the opportunity to upgrade your system quickly and easily. We can deliver 
~ more Multibus™ compatible DAS than Intel or National, and at lower prices. 

We offer dual height systems for LSI-11 and quad-size systems with 
features no one else offers. We have hex-height PDP-11 Unibus™ systems 
as well, and their performance is unmatched. 

In fact, we offer more LSI-11 and PDP-11 Wonca TEL NLoE I 
DAS boards than DEC and, yes, at lower min: me 
prices. 

You will find more than 100 analog I/O systems 
in our new catalog. Send for yours today. With this 
useful publication in hand, you will be able to choose, 
order, and receive analog I/O in less than a week. 

And that will make you rather unusual in 
your business. 

Data Translation, 100 Locke Drive, oa 

MA 01752, (617) 481-3700. Telex: 
We stock the indus’, 948474. In Europe: Data Transla- one 


try’s widest selection 


ofmicrocomputer tion Ltd., Rockwell House, 430 


| analog I/O syst f : 
Se aay gta ray PDP-11, Bath Road, Slough, Berkshire/Eng- ihe catalog enables Me ies 
ee intelMultibus, Mostek/” land SL1 6BB. Phone (06286) 3412. he microcomputer analog 
- Prolog STD Bus, Zilog, apa 8 ae 862 one ( ) igh iiot enh Beh xt less. Send 


and Computer Automation. 


“nila 


SALES OFFICES: AZ 602-994-5400; CA 213-681-5631, 415-965-9394; CO 303-371-2422: FL 305-791-9292, 813-725-2201: GA 404-455-7222: IL 312-960-4654; IN 317-788-4296; 
MA 617-481-3700; MD 301-636-1151; MI 313-437-0816; MN 612-441-6190; NC 919-723-8102. NJ 609-428-6060; NM 505-292-1212, 505-524-9693; NY 515-488-2100, 607-722-9265, 
OH 513-253-6175, 216-659-3138; OK 405-528-6071; OR 503-297-2581; PA 412-327-8979, TX 512-451-5174, 214-661-0300, 713-780-2511, 512-342-3031, 713-988-9421; UT 801-466-6522; 


WA 206-455-5846; CANADA 416-625-1907 
MULTIBUS is a trademark of Intel Corp. UNIBUS, PDP-11, LSI-11 and MINC-11 are trademarks of Digital Equipment Corp. 
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This disk was qualified 
with ADE RVA gages. 


Any Questions? 


The only way to test memory storage disks is 
the ADE RVA way. Disk run-out, velocity and 
acceleration measurements are essential to 
qualify a disk for life. 

With 2 microinch tolerances can you 
really trust your disks to anything but the best? 

The world's leading disk peripheral com- 
panies always qualify the ADE RVA way. 

Ask us for more details. 


fade) 


ADE CORPORATION 


77 Rowe Street, Newton, MA 02166 
Telephone: (617) 969-0600 
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Microprocessor Based Control System 


An integrated network of I/O modules connected to a 
microprocessor on a motherboard, the MECA (modular elec- 
tronic control assembly) system automatically monitors 
operating functions such as temperature, time, position, 
and switch closures and 
openings and issues con- 
trol commands. An 
English-like language 
called SYBIL (Sylvania 
BASIC industrial lan- 
guage), a subset of Amer- 
ican National Standards 
Institute BASIC, is used to 
program user specifica- 
tions into erasable ROM. I/O modules are directly addressed 
with data from the flow diagram. After the program is 
verified, it is burned into P/ROM (2k or 4k bytes). Completed 
programs can also be stored on a floppy disc. 

In operation, the system from GTE Electronic Control 
Operation, 400-2 Totten Pond Rd, Waltham, MA 02154, 
transmits programmed logic through the input modules, 
processes it as directed by the program, and commands out- 
put modules to turn on or off as required. A realtime clock 
can be used to program up to 26 timing functions and per- 
mits control of time of day functions. Four terminals serve 
as a communications loop. 
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12-Bit Data Acquisition Module 


Digitally programmable gain options over a range of 1 to 
1000 (with corresponding throughput rates of 40 and 3.8 
kHz, respectively) and a jumper selectable input configura- 
tion of either 16 single-ended or 8 differential input chan- 
nels are key features of the DT5712 data acquisition modules. 
Included in the device are 16-channel MUX, instrumentation 
amplifier, sample/hold amplifier, 12-bit ADC, and timing 
and control logic. The basic general purpose module offers 
relative system accuracy ranging from +0.5 LSB to +0.1% 
from low to high gain. All versions can accept unipolar or 
bipolar analog inputs of between 10 mV and 10 V, and 
deliver 12 bits of TTL compatible, 3-state digital outputs in 
straight binary (unipolar) or offset binary and 2’s comple- 
ment (bipolar) data formats. 

Monotonicity of the microcomputer compatible modules 
offered by Data Translation Inc, 4 Strathmore Rd, Natick, 
MA 01760, is maintained over a 0 to 70 °C operating 
temperature range. Either of two oncard gain options are 
available for software programmable operation: 1, 2, 4, and 
8 +0.05% and 1, 10, 100, and 500 +0.1%. The number of 
channels can be quadrupled by adding a DTO2EX DTI ex- 
pander module. 
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LSI-11/23 
systems 
30 days! 


a.r.o. 


‘Plug in to CRDS 


Software 


Your choice of: 


@ RT-11 


@ RSX-11M 
@ U/V6 (UNIX*) 


MF-211/411 


@ LSI-11/2 with 32K words or LSI-11/23 
with 64K, 96K or 128K words 

@ RX02 Equivalent Dual Floppy Systems, 
Single-Sided or Double-Sided, 
Dual Density 

@ Quad Serial Interface 

@ 8 Quad Slot Backplane 


When you plug in to Charles River Data 
Systems you plug in to innovative, practical 
solutions to your system design requirements. 

\ Solutions like our double-sided, double- 

|| density floppy disk systems—offering one 

|| megabyte of RX02 equivalent storage per 

|| drive. Or our Winchester drive with cartridge 

| tape back-up for fail-safe reliability —in a sin- 
gle enclosure, with a common controller card. 

You can purchase each of our compact, 
reliable components separately to expand or 
complete a system. Or combine them in your 
choice of configurations for powerful, multi- 
user, general purpose computers in a single, 
cost-effective package. 

Equally at home as R & D systems or as 
the basis for business and process control sys- 


®Trademark of Digital Equipment Corporation. 


Charlies River Data Systems, Inc. 


HD-11/HD-11T 


@ Shugart Winchester Drive with 
21 Megabyte Capacity, Software 
Equivalent to Four RLOl's 

@ DEI Cartridge Tape Back-up (HD-11T) 

@ Controller Card with RLO] Instruction 
Set Compatibility 


tems, CRDS systems are based on the DEC 
LSI-11/2 or LSI-11/23, with from 32K to 128K 
words of MOS memory. Peripherals avail- 
able include a 21 megabyte Winchester fixed 
disk system; single- or double-sided floppy 
disk drives; and a 3M cartridge tape back-up 
for the Winchester disk. Software systems 
available include RT-11, RSX-11, and U/V6 
(UNIX*). 

Whichever configuration you choose, 
you re assured of plugging in your system 
fast, because CRDS delivers most products in 
30 days! 

For complete specifications, and to dis- 
cuss the configuration or components that 
best meet your needs, call CRDS Marketing 
at (617) 655-1800. And plug in to CRDS today. 


“UNIX is a registered trademark of Bell Laboratories. 


4 Tech Circle, Natick, MA 01760 @ Tel. (617)655-1800 e TWX (710)386-0523 
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Dialight readouts. 

For front-panel LED readouts, we package 7-segment 
displays with their associated decoder-driver circuit and 
mounting bezel. The entire assembly, with as many digits 
as you need, is ready for instant panel mounting. 

When it comes to optoelectronics, Dialight offers an 
enormous selection plus some exclusive advantages. For 
example, we now package LED indicators singly and in 
arrays for mounting on PC boards. As soon as you insert 
them into the board, they're precisely positioned. Installation 
is far faster. Wave soldering can be done in a single pass. 
All these features reduce production costs. 

And remember, our product line isn’t limited to just- 
readouts. In fact, Dialight is the only supplier who can 
outfit your entire product with handsomely matched lights, 
illuminated switches, rockers & toggles and LEDs. 


DESIGN IN DIALIGHT 
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DIGITAL CONTROL AND 
AUTOMATION SYSTEMS 


DC & AS BRIEFS 


Data Acquisition and Control 
Systems and Components 


Single-Chip Microcontrollers 


Several low power devices have been added to its COPS™ 
family of single-chip microcontrollers by National Semicon- 
ductor Corp, 2900 Semiconductor Dr, Santa Clara, CA 
95051. Included are five n-channel silicon gate and four 
CMOS microcontrollers and a CMOS RAM and _ timer 
peripheral. Because all are MICROBUS™ compatible they 
can serve as microprocessor peripherals and communicate 
with a host microprocessor in less than | ys. 

There are 21 variations of n-channel silicon gate devices. 
COP444L/445L dissipate 55 mW of power at 5 V, and feature 
true vectored interrupt plus restart. The 444L is a 28-lead 
DIP with 23 I/O lines; the 24-lead 445L has 19; both contain 
2k x 8 bits of ROM and 128 x 4 bits of RAM. 

COP444L as well as COP410L/411L are available at a high 
range of 4.5 to 9.5 V and a narrower range of 4.5 to 6.3 V. 
410L, a 24-lead DIP with 19 I/O lines, and 411L, with 20 leads 
and 16 lines, have 512 x 8 bits ROM and 32 x 4 bits RAM. The 
40-lead COP404L has 32 x 4 bits of RAM but no ROM; up to 2k 
external P/ROM can be used with it. Extended temperature 
range versions (— 40 to 85 °C) are also now available for the 
410L/411L; similar versions of the other three devices will be 
available soon. 

COP420C, 421C, 320C, and 321C—the CMOS microcon- 
trollers—contain all system timing, internal logic, ROM, 
RAM, and I/O needed for dedicated control functions and use 
the same instruction set, pin-out, and architecture as other 
family members. Power dissipation is typically 50 pW. 420C 
and 421C are identical except that the former has 23 I/O lines 
and the latter has 19. 320C and 321C are extended 
temperature range versions of the 420C and 421C, respec- 
tively. Vectored interrupt plus restart and 3-level subroutine 
stack are features. 

MICROWIRE™ compatible, the CMOS devices can be used 
with LCDs; ADCs; external RAM, ROM, or P/ROM; and fre- 
quency measurement and control peripherals. Other 
features include 2.4- to 6.0-V, single-supply operation; 15-us 
instruction time; internal time-base counters; LED direct 
drive outputs; and general purpose and TRI-STATE® outputs. 
All devices are TTL compatible. 

The COP498 is a 14-pin CMOS RAM and timer peripheral 
that enables n-channel microcontrollers to operate at power 
levels approaching those of CMOS circuits. It can turn off 
power when the microcontroller is not in use and then turn 
it back on at a preset interval or when activated by an exter- 
nal interrupt. Four registers of 64 bits each hold the con- 
tents of the microcontroller’s RAM while power is off, then 
reload it when the device turns power back on. 


DESIGN IN DIALIGHT 
READOUT PRODUCTS. 


READOUT ASSEMBLY 


Series 739 are 0.600", 
seven-segment LED read- 
out displays designed in 
a package with their 
associated decoder- 
driver circuitry and 
mounting bezel. The 
entire assembly, with as 
many digits as you need, 
is ready for instant panel 
mounting. 

Series 749 assembly uses 
0.300" display modules. 


0.600” DISPLAY 
MODULES 


Series 730 have 0.600” 
LED character in super 
bright red, seven-seg- 
ment readout. Low 
power; draws 10mA/seg- 
ment or less. TIL com- 
patible. Uses 5- volt power 
supply. Very high contrast 
ratio...visible from 40’. 
Available with or without 
on-board decoder/ 
driver, +1, and with bezel 
mounting (739 series). 


~ 


0.300" DISPLAY 
MODULES 


Series 745 have 0.300” 
LED character in a very 
bright red, seven-seg- 
ment readout. Lowpower 
requirements. Standard 
14 pin DIP. Available with 
left decimal +1, and with 
or without on-board 
decoder/ driver, bezel 
mounting (749 series). 


ee 
= 
ie 
al 
gaits 
oad 
ae 
toad 


DIALIGH T meets your neeps 


A North American Philips Company 

203 Harrison Place, Brooklyn, N.Y. 11237 

(212) 497-7600 
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Get Your 
8-Inch 


Winchester 
Success Kit 


Today. 


Only 
$1950. 


“>. Shugart 


Get up and running now. Our 
special 8-inch Winchester Kit 
could be the best investment 
you'll ever make in new product 
development. The kit is available 
off-the-shelf and will be offered 
through the end of this year. It 
provides the solution for a quick and easy 
upgrade in system capacity and throughput, 
using field proven Winchester technology. 

And it will operate with a variety of host 

adapters currently on the market, so most 
systems can be up and running within just a 

few days. 


Everything you need. A configured SA1002 
five megabyte drive, cables, a SA1400 intelligent 
controller, thorough documentation, and the 
technical support to back it up. The price 

is affordable and you're getting the 8-inch 
Winchester drive with the lowest cost-per- 
megabyte in its class. And it’s the proven one 
too, with more OEM installations than all other 
8-inch fixed disk drives combined. 

A controller of choice. The SA1400 is the 

most versatile, intelligent controller series 
available. It provides a choice of back-up 
solutions utilizing either single or double-sided 
8-inch floppy drives so you can evaluate your 
system performance today. 

Call today. For only $1,950 you not only save 

a thousand dollars or more when compared to 
other complete solutions, but you get the only 
low-cost 8-inch Winchester drive available in 
production quantity. So get to market fast while 
others wait for something that may never come. 
Call (800) 824-7888, or in California call (800) 
852-7777 (Operator 112) for your success kit today. 
Shugart Associates: 475 Oakmead Parkway, Sunnyvale, 
CA 94086 (408) 733-0100. 


*Special offer until Dec. 15, 1980. 
Allow two weeks for most deliveries. 


DIGITAL CONTROL AND 
AUTOMATION SYSTEMS 
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Process Control and Display System 


Metrascope M/S 99, a color CRT terminal with 16-bit 
microprocessor, displays up to 64 channels of analog input 
data in bar graph format with engineering unit scales. Four 
alarm setpoints are provided for each channel under 
operator control with a variety of control outputs available 
under software management. The display includes derived 
data, such as averages and deviations, as well as the original 
input data, with the digitized value of each channel. Infor- 
mation on the display can be output in serial ASCII format 
through an RS-232 interface for connection to peripherals or 
a host computer. A cartridge recorder retains data on all in- 
put channels for a playback in simulated real time, in slow 
motion, or frame by frame. An optional 80-col printer pro- 
vides hardcopy on alarm, operator command, or a preset 
time cycle on any of the channel setpoints. This terminal is 
available from Metra Instruments, Inc, 2056 Bering Dr, San 
Jose, CA 95131. 
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High Performance Data Acquisition Devices 


HI-5900 and -5901 have been introduced as the first of a series 
of data acquisition ICs from Harris Semiconductor Group, 
PO Box 883, Melbourne, FL 32901, that are fabricated with 
that company’s leadless chip carrier (LCC) technique. 
(Monolithic dice are packaged in LCCs and soldered to both 
sides of a multilayer ceramic substrate to form a 32-pin DIP.) 
All features of the two devices are identical except that the 
-5900 has 8 differential input channels while the -5901 has 16 
single-ended input ports. Input signals are multiplexed and 
amplified into an output track and hold amplifier. Fault 
protected inputs and channel expansion capability are pro- 
vided for the MUX, and programmable gains of 1, 2, 4, and 8 
are implemented in the instrumentation amplifier. 

A multichannel data acquisition system can be formed by 
combining one of these ICs with a commercially available 
ADC such as the HI-5712. Channel to channel acquisition time 
is 9 us. Power consumption is 250 mW. All functions are 
compatible with DTL, TTL, and CMOS logic levels. 
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Input/Output Systems and Devices 


8-Channel I/O Processor 


Two microprocessors onboard the F6420 I/O processor 
operate in parallel, one dedicated to I/O and the other to ap- 
plications code (with resident multi-user BASIC). Half the ad- 
dress space of each is paged to a 0.25M-byte multiport syn- 
chronous common memory; the other half is used for on- 
board private memory. The 8-channel processor, announced 
by Gould Inc’s Functional Automation Div, Nashua, NH 
03060, is an independently functioning element of a 
microprocessor based mainframe made up of loosely 
coupled groups of specialized 1/0 and computational pro- 
cessors. Among the other components are disc I/O and 
switching elements. 
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BCD Decoding Board 


Interface of computer controls to manufacturing and pro- 
cess systems and NC/CNC units to machine tools is achieved 
through use of a BCD decoding board introduced by DNH In- 
dustries, 2807 Oregon Ct, Bldg D1, Torrance, CA 90503. As 
many as 18 isolated inputs and six unlatched outputs can 
respond to any 2-digit BCD number. Other relay contacts are 
available for interlocking or sequencing, and time delay 
relays can be used for further expansion. Relay contacts 
function in ac or de circuits and are not polarity sensitive. 
Output contacts are 3 A resistive at 120 Vac or 30 Vdc and 
are dedicated to BCD numbers by the location of program- 
ming matrix pins. 
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1/0 Module Board 


Because it uses industry standard modules, the MBE-16 I/O 
module board eliminates the need for inventories of many 
different types of higher priced buffered modules. Introduc- 
ed by duTec Inc, 4801 James McDivitt Rd, Jackson, MI 
49204, the boards feature color coded barrier terminal 
blocks to ease wiring and an onboard LED logic voltage 
monitor that reduces troubleshooting time. Plug-in logic 
supply, field wiring fuses, positive module hold down, card 
edge logic connector, and pull-up resistors are standard. 
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Miniature Transmitter System 


A 2-wire miniature temperature transmitter with integral 
sensor, the CT-850-A Sensitron is an air measurement system 
for energy monitoring and industrial control applications 
with 4- to 20-mA MUX interface. Signal transmission can be 
over several miles with two small gauge unshielded wires 
without signal interference. Available from Hy-Cal 
Engineering, 12105 Los Nietos Rd, Santa Fe Springs, CA 
90670, the 2 x 2x 1" (5x5 x 2.5-cm) devices have linear out- 
put with temperature over a range of —50 to 250 °C. Power 
requirements are 12 to 28 Vdc. 0 
Circle 452 on Inquiry Card 
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WHERE BUSINESS 


TALKS TO BUSINESS 


‘“One Day”’ po 
California Computer | 
Shows ; 


Norm De Nardi’s OEM and end- 
user California Computer Shows... 
extending the limits of information 
between exhibitor and 
prospect...under one roof, in a 
highly charged, professional 
environment. In just one day, 

1 p.m. to 7 p.m., as an exhibitor 
your company reaches more key 
decision makers. And that 
translates into lower costs of 
sales. As an attendee, you get a 
hands-on, buyer’s eyeview of the 
latest in computer and computer 
peripheral products. 


CAN YOU AFFORD NOT TO 
BE THERE? 


Each show carefully focuses on 
a specific segment of the com- 
puter equipment market. As an 
exhibitor, you are virtually 
guaranteed a prescreened, invited 
audience of qualified decision 
makers. And the attendee can get 
right to their product area of 
interest, too. 


ty, 
tr 


The ‘“‘One Day”’ California Com- 
puter Shows cut the cost of =~ 
exhibiting and attending, effec- _~- J 


tively achieving the lowest-cost-, 
per-prospect contact. } 


Firms typically exhibiting are NS 
Tektronix, AED, H-P, Control Data 
Corporation, Shugart, General 
Electric, Perkin Elmer, National 
Semiconductor, Xerox, Data 
General, Digital Equipment Corp., 
Mostek, Versatec, Lear-Siegler, 
Motorola, Data Products, Cen- 
tronics, Intersil, Texas 
Instruments and Intel. 


“One Day” California 

Computer Shows. 

December 4, 1980 Hyatt Hotel 
Palo Alto, CA 
Inn at the Park 


‘“‘“One Day”’ California Computer 
Shows — the best investment 


you'll make in the future of your March 12, 1981 


company. Anaheim, CA 
April 23,1981 Hyatt Hotel 
Palo Alto, CA 
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Norm De Nardi 
Enterprises 


95 Main Street, Los Altos, CA 94022, 
(415) 941-8440. 


Invitations are available from par- 
ticipating firms, or NDN Enter- 
prises. Call or write today for 
information. 
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New on the North Star Horizon: 


1SMb Hard Disk Drive! 


» N“ 


Up to four 18Mb Winchester- 
type hard disk drives 


Unsurpassed Performance and Capacity! 


North Star now gives you hard disk capacity and process- 
ing performance never before possible at such a low 
price! Horizon® is a proven, reliable, affordable computer 
system with unique hardware and software. Now the 
Horizon’s capabilities are expanded to meet your growing 
system requirements. In addition to hard disk perform- 
ance, the Horizon has I/O versatility and an optional hard- 
ware floating point board for high-performance number 
crunching. The North Star large disk is a Winchester-type 
drive that holds 18 million bytes of formatted data. The 
North Star controller interfaces the drive(s) to the Horizon 
and takes full advantage of the high-performance char- 
acteristics of the drive. Our hard disk operating system 


NorthStar and Horizon are registered trademarks 
or trademarks of North Star Computers, Inc 
© 1980 North Star Computers, Inc 


NorthSfar 


North Star Computers, Inc. 


1440 Fourth Street, Berkeley, CA 94710 USA 
(415) 527-6950 TWX/Telex (910) 366-7001 


Display terminal 


Horizon Computer with 64K RAM 
and dual quad capacity (720kb) 
floppy disks 


- in 
Letter-quality or dot Horizon I/O flexibility 
matrix printer allows expansion to 
meet your needs 


implements a powerful file system as well as backup and 
recovery on floppy diskette. 


Software Is The Key! 


The Horizon’s success to date has been built on the qual- 
ity of its system software (BASIC, DOS, Pascal) and the 
very broad range and availability of application software. 
This reputation continues with our new hard disk system. 
Existing software is upward compatible for use with the 
hard disk system. And, with the dramatic increase in on- 
line storage and speed, there will be a continually ex- 
panding library of readily available application software. 
For further information and OEM prices, please contact 
the OEM Sales Department at North Star Computers, Inc. 


North Star Computers, Inc. 

1440 Fourth Street 

Berkeley, CA 94710 

Yes!! Please Send More Information On North Star’s 
18 Megabyte Hard Disk System!! 


Name 


Address 


| 
| 
| 
| 
, Company 
| 
| 
| 
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Expand with the MSC 8003 


MULTIBUS™ compatible. Designed 
around the Z80™ CPU, the fully MULTIBUS 
compatible MSC 8009 is a complete micro- 
computer, offering OEM designers a number 
of significant benefits 


One board takes the place of four. In 
many SBC 80 based systems, the MSC 8009 
can reduce the number of boards from four or 
more to only one. This hardware reduction 
helps lower system costs while increasing 
capability, throughput, and reliability. 


Floppy disk interface. An on-board, single 
chip 1793™ floppy disk controller provides a 
soft-sector format that can be made IBM com- 
patible. With proper options, up to eight 4 or 8 
inch single or double density drives can be 
controlled. 


CP/M™ compatibility. Software support 
for the MSC 8009 includes the CP/M and 


aig 5 


Gy Monolithic 
JQA@MS cow 


Extending the ae of information. 


With on-board floppy disk controller 


CP/M-2 operating system which uses IBM- 
compatible flexible disks for backup storage. 
It provides users with program construction, 
storage, and editing, along with assembly and 
checkout facilities. 


Extensive memory capacity. The dual- 
ported memory can be configured with up to 
32K bytes of dynamic RAM. The EPROM 
section is compatible with standard IK, 2K, and 
4K byte devices to a maximum of 16K bytes. 


For additional information on the MSC 8009 
and our other 41 Monolithic Systems Corp. 
products, please contact us at 14 Inverness 
Drive East, Englewood, Colorado 80112. 
(303) 770-7400. Telex: 45-4498. 


MULTIBUS is a trademark of Intel Corp 
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W aie the roots of computer graphics technology go 
back to the late fifties and early sixties, applications at that 
time were restricted by economies to military command and 
control, a few universities, and research and development 
laboratories of large corporations. Through the late sixties, 
available hardware was expensive and of limited capability. 
Graphics terminals were connected to large mainframe com- 
puters and, therefore, were expensive to operate. Finally, 
lack of commercial vendors forced potential users to 
develop their own systems and software. 

Two technological developments in the late sixties 
spawned the birth and rapid growth of an industry devoted 
to the design, manufacture, and support of turnkey interac- 
tive computer graphics (ICG) systems that the end user can 
make productive in a variety of applications—without need 
for software development and with only a modest invest- 
ment that quickly pays for itself. These new technologies 
were the direct view storage tube, first developed for radar, 
and the minicomputer. The direct view storage tube pro- 
vided low cost, high density graphics display without the ex- 
pensive electronics required to support a stroke refresh 
display, while the 16-bit minicomputer made available low 
cost computing of sufficient power to support the interac- 
tive graphics applications of the time with adequate respon- 
siveness to the operator. Evolution of systems during the 
past decade has closely paralleled the evolution of the 16-bit 
minicomputer, with its memory and peripherals. While the 
direct view storage tube has undergone less spectacular 
change during this period, ICG systems have taken advan- 


tage of larger screen sizes, lower costs, and advances such as 
limited stroke refresh. 

During the last decade, ICG system architecture has 
evolved to take advantage of higher performance, lower cost 
central processing units (CPUs), lower memory costs, and ad- 
vances in peripherals—particularly mass storage systems. 
The driving forces have been economic, ie, to provide more 
functionality at lower cost. Performance requirements have 
grown as more complex applications have been attempted. 
ICG systems are used today for a wide variety of activities in 
design, manufacture, and documentation. Applications in- 
clude drafting, electrical design of integrated circuits and 
printed wiring boards, schematics, architectural engineer- 
ing, mapping, 3-dimensional mechanical design, and finite 
element modeling. Hardware and software have advanced 
to such an extent that it is difficult to find an application 
where manual methods are more cost-effective than those of 
computer systems, providing that the user’s volume of work 
is sufficient to keep the ICG system busy. 

Design of systems under development is based on 
technologies that have evolved in the last few years. New ar- 
chitectures are designed around single-chip micro- 
processors, low cost semiconductor random access memory 
(RAM), low cost mass storage peripherals, and color raster 
display technology. A major slice of system cost in the past 
decade has been ICG software. While the prospects for soft- 
ware development are not as bright as they are for hard- 
ware, major progress is being made in the form of transpor- 
table ICG software, ICG system design standards, database 
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standards, and ICG software modules available from hard- 
ware vendors that can vastly decrease development costs. 
Over the next few years, these advances will benefit the user 
in the form of ICG workstations in myriad applications and 
as widespread as the alphanumeric display terminal. 


Evolution of ICG Architecture 


The earliest turnkey ICG systems consisted of a single ter- 
minal connected to a dedicated CPU and disc, as shown in 
Fig l(a). The terminal shown in Fig 1(b) consists of a direct 
view storage tube (DVST), an alphanumeric keyboard for in- 
put of text and commands, and a graphic input device, 
often a data tablet but occasionally a gantry or free cursor 
digitizer. The terminal is sometimes augmented by a second 
DVST to display an auxiliary view of the graphic data, an 
alphanumeric video display terminal for commands and 
error messages, or an auxiliary function keyboard. A few 
terminals have combined a pen plotter on the digitizer sur- 
face to plot back data captured by operator input. 

Additional components of the system in Fig l(a) are a 
16-bit minicomputer with 16 to 24k bytes of core memory 
and a disc containing less than 1M bytes of secondary 
memory. In addition, some form of compatible input/output 
such as magnetic tape was usually part of the system, as was 
an online plotting device for graphics hard copy. The disc 
retained the graphics data base as well as core images of the 
heavily overlaid software. Architecture of this early ICG 
system was constrained by a relatively small amount of main 
memory; core memory was extremely expensive and re- 
quired laborious assembly language programming in order 
to obtain good performance. 

Earliest turnkey ICG systems cost more than $100,000 in 
1970. Although they could interactively digitize input, edit 
graphics data bases, do check plots, or generate output for 
external processes, they could perform none of these tasks 
in combination. Few applications justified a system that 
could execute only one task at a time, and those that could 
had to employ them during two or three shifts daily. 

First applications of these turnkey systems were for elec- 
trical design—the layout of integrated circuit (IC) masks and 
printed wiring boards. Since the growing complexity and 
precision of mask sets precluded manual drafting of an IC 
layout, and data required for numerically controlled pattern 
generators could be obtained only with the aid of a com- 
puter (most naturally through a man-machine graphics in- 
terface), use of an ICG system for IC layout was indicated 
regardless of cost. Justification of early ICG systems for the 
layout of printed wiring boards was more difficult because 
of the expense when hand taped designs were acceptable. 
First users of ICG systems for printed wiring boards acted in 
conjunction with automatic routers where the required 
manual connections and rerouting could be easily ac- 
complished on the computer generated data base through 
an ICG terminal. 

While early ICG systems were capable of generating 
schematics, 2-dimensional mechanical layouts, and general 
drafting, payback was insufficient to justify their use. The 
ICG industry had to cut costs and break into much larger 
markets involving nonelectrical applications in order to 
grow. A software solution was the first technical approach to 
this problem of lowering costs; it improved system func- 
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tionality yet increased hardware costs by only a small in- 
crement. 

This single-user ICG system was augmented with a small 
amount of additional core memory that allowed it to execute 
more than one task at a time. Two ICG terminals could not, 
initially, be used from one CPU and disc. Eventually, the 
single-task ICG system was expanded to allow operation of 
the pen plotter output device and/or a blind digitizer 
workstation simultaneously with the interactive graphics 
terminal. For a small increase in cost, an ICG system in new 
applications accomplished up to three times as much work, 
provided that there were equal amounts of digitizing, 
graphics editing, and plotting to be done. Since equal 
loading requirements for digitizing, editing, and plotting 
are not the norm, however, optimal hardware utilization was 
not achieved. The multitasking, single-terminal ICG system 
was only marginally more cost-effective than the single-task, 
single-terminal system. 

The next evolutionary step in the advance of ICG design 
[see Fig 1(c)] was also, essentially, a software approach to in- 
crease cost-effectiveness. It shared the single CPU and disc 
among several interactive graphics terminals, as well as 
blind digitizers and plotting devices. Operators used core 
resident, interrupt driven software. Processing of the data 
base, redisplay on the DVST displays, and generation of plot 
vectors were handled on a round-robin basis as different 
tasks were swapped into and out of main memory from disc. 
Performance was degraded somewhat over a single-user 
system, but since the most demanding tasks (eg, redisplay 
on the DVST) had a low duty cycle and occurred asyn- 
chronously between users, each user could operate nearly as 
effectively as is possible on a single-user system. With the 
new freedom afforded by mixing graphics editing worksta- 
tions, digitizers, and output tasks, the user could assemble a 
system balanced to meet the needs of a specific application. 
Hardware was more optimally utilized and the full value of 
task simultaneity more completely realized. 

As the cost of memory dropped, the next innovation in 
ICG design incorporated into the CPU much more memory 
than the 16-bit minicomputer’s address space had allowed. 
Memory was managed by the operating system in order to 
retain more tasks in memory at the same time. Thus, re- 
duced traffic between disc and memory improved perfor- 
mance and allowed finer quantization of timesharing so 
that several users could redisplay their data bases 
simultaneously. 

From the first appearance of the timeshared ICG system, 
evolution proceeded in the direction of improved perfor- 
mance at cost comparable to or lower than that of the status 
quo. During the past five years, technology applied toward 
improved performance has developed more and better hard- 
ware. Need for increased performance has been motivated 
by several factors. First, although early timeshared ICG 
systems performed adequately when evaluated in terms of 
the system software then available, higher performance was 
important to reduce operator response time. Second, in- 
creased performance allows more terminals to share a single 
processing facility, leading to lower cost per terminal. 
Finally, as new application areas—particularly 
3-dimensional mechanical design—have opened up and 
older applications have become more complex, increased 
performance becomes necessary simply to maintain 
previous throughput rates. 
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Fig 1 Evolution of ICG architecture. Early systems 
(a) utilized single terminal per CPU and disc. Each ter- 
minal (b) consisted of graphic display, alphanumeric 
keyboard, and graphic input device, typically data 


Ingenuity of the system designers, striving to improve 
technology and optimize performance, has developed new 
system architectures with low incremental cost impact on 
existing software. Established turnkey ICG manufacturers 
have a large customer base of installed systems, and a com- 
mensurate software investment. Changes in system architec- 
ture are feasible for established ICG manufacturers only if 
they can be accomplished in such a way that their vast base 
of applications software is preserved. In the newer architec- 
tures of established vendors, it is not unusual to find the ap- 
plication software of much earlier systems running largely 
unchanged under several layers of operating system soft- 
ware that emulates earlier generation environments. New 
entries in the industry, however, can be more innovative 
and take better advantage of recent hardware technology 
because they are not encumbered by an existing software 
history. ; 

The architecture of Fig 1(d) illustrates one effort to in- 
crease performance of ICG systems. Its design is based on 
the assumption that the latency for random database ac- 
cesses on a single disc is a major factor restricting perfor- 
mance. For this reason, it includes a disc for the overall 
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tablet. Later systems (c) and (d) pursued increased 
cost-effectiveness by sharing expensive system com- 
ponents between terminals and other tasks 


system as well as one for each ICG terminal on the system. 
The operating system optimally positions heads for each 
terminal’s disc independent of what other terminals re- 
quire. This architecture ignores processing bandwidth re- 
quirements and has not survived because the system in most 
ICG applications is processor limited, not disc limited. 

Current systems often employ variations of the architec- 
tures shown in Fig 2. In Fig 2(a), a second processor is ad- 
ded to the primary host CPU to share the processing load of 
the interactive terminals. Designs of this type exemplify 
that 16-bit minicomputers have topped out in their perfor- 
mance and that further increases in performance of an ICG 
architecture require multiple CPU elements operating in 
parallel. The second CPU is often a special purpose pro- 
cessor designed to speed up terminal processing for device 
input and display computations. The first CPU is used to 
control system operations, process the data base, maintain 
the file structure, and communicate to peripherals other 
than the terminals. Terminals in this design are essentially 
those of earlier systems, devoid of all local memory and pro- 
cessing power, and totally dependent on the central process- 
ing facility to function. 
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ICG design architecture in Fig 2(b) represents the state of 
the art in the evolution of the turnkey graphics system from 
its first attempts to timeshare a minicomputer among 
several terminals. In this design, memory and processing 
power are moved from the central computing facility to the 
ICG workstation. Each terminal has its own minicomputer or 
microcomputer and local memory. Command processing, 
display transformations, and some degree of database pro- 
cessing are carried on within the terminal itself; com- 
munications to the host are less frequent than in earlier 
designs and, hence, more terminals can be supported with 
better performance. Maintainability is a further advantage 
of this architecture; any terminal can be repaired without 
disrupting the central system or other terminals. If the cen- 
tral system is down, however, all terminals are inoperative. 


New Technology for ICG Design 


Design of ICG systems during the last decade has been 
driven by applications economics to use available display, 
minicomputer, memory, and peripheral technology to pro- 
vide the best performance at cost-effective prices. New 
designs for the next several years will utilize newer 
technologies to build better and more economical systems. 
Some of this technology has begun to appear in the pro- 
ducts of several ICG manufacturers in the last several years. 

Whereas the minicomputer was the workhorse of ICG 
systems during the seventies, the single-chip 16-bit 
microprocessor will be central to designs of the eighties. Re- 
cent microprocessors display architecture and performance 
that rival those of high performance minicomputers. This 
processing power is available at a small fraction of the cost 
of a minicomputer, allowing individual ICG workstations to 
contain one or more microprocessors. 

Semiconductor RAM costs have been declining rapidly as 
more bits are placed on a single chip and as manufacturers 
have improved manufacturing technology. Low cost 
memory has already found its way in large quantities into 
ICG designs of the late seventies. The central processing 
facility of a contemporary ICG system may contain 256k 
bytes or more of main memory to support four terminals; 
and 64k bytes per terminal is two to four times the memory 
contained in the CPUs of early single-user ICG systems. In- 
creasing quantities of RAM, perhaps reaching 1M bytes or 
more per terminal, will soon be common. Recent mass 
storage peripherals have appeared at prices commensurate 
with the costs of microprocessors, RAM, and the other 
technology from which an ICG system is built. Floppy discs 
have been used in low cost single-user systems of the past 
several years. Winchester disc technology of higher capa- 
city, performance, and reliability will find its way into the 
central processing facilities and even the terminals of future 
ICG systems. 

The remaining major element of technology that is begin- 
ning to appear in ICG systems is raster video displays. 
Raster technology is now cost-competitive with the direct 
view storage tube and offers a number of advantages to the 
ICG system designer. Display is bright and can be viewed in 
normal room light. Single points or lines can be erased, 
avoiding the total erase and redraw required with the DVST. 
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Fig 2 ICG system designs improve performance 
through multiple CPUs. Centralized architecture (a) 
adds second CPU to handle terminal functions. State 
of art systems (b) distribute processing power and 
memory to each terminal 


Dynamic displays for dragging or rubberbanding graphics 
are possible at high graphics density and without the cost or 
flicker of stroke refresh displays. Raster displays up to 1280 
by 1024 pixels provide high resolution 60-Hz flicker free 
refresh, as shown in Fig 3. Finally, only raster video 
technology can offer the user full color display, which is im- 
portant to increased operator productivity and improved er- 
ror rates. Cost-competitiveness of raster technology is due 
to the same rapid declines in semiconductor RAM costs that 
have pervaded other parts of ICG system design. 
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Fig 3 Raster display features outweigh drawbacks. Ar- 
chitecture supports high resolution, flicker free raster 
displays whose low cost and unique features overcome 
inherent disadvantage of staircase effect, which is made 
visible only by enlarging this quadrant from a 1280- x 
1024-pixel, noninterlaced, 60-Hz display 


Recent and Future System Design 


Recent ICG systems have begun to take advantage of the 
technologies discussed above. The standalone ICG system of 
Fig 4(a) is being offered by an increasing number of ven- 
dors. It utilizes low cost microprocessors, memory, and 
floppy discs to achieve the same level of performance and 
functionality as in the earliest single-user minicomputer 
based systems. Design of ICG systems has come full circle; 
the newest systems have the same basic architectures as the 
first system designs. The difference is that newer 
technology has made this design even less expensive than 
the per terminal cost of a centralized system architecture. 

Centralized system architecture as shown in Fig 4b) is 
going to endure, however, because functions that can best 
be accomplished by a large central processing facility for 
large scale users will remain—such as plotting, pre- and 
post-processing of graphics data bases, and database archiv- 
ing. The major difference between this central processing 
facility and previous system designs will be that the pro- 
cessor will not handle the interactive terminal users. It will 
grow instead in word length (to 32 bits), in memory size, and 
in disc capacity to the point at which it resembles a main- 
frame; indeed, for many users the traditional mainframe 
will become the central processing facility. 

The major difference in large ICG systems of the future 
will be that the terminal will be capable of doing all the in- 
teractive tasks of current centralized systems (except 
database archiving) within the local workstation. This will 
allow a single central processing facility to support more 
terminals than current designs permit; even small com- 
panies will be able to operate their own local graphics 
capabilities. With much lower communications bandwidth 
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Fig 4 Recent and future architecture. Standalone ter- 
minal (a) will be principal building block in future ICG 
systems. For small users with limited requirements, it 
will be used by itself. For larger users requiring shared 
data bases and shared use of expensive peripherals, 
central architecture of past (b) will be used with impor- 
tant difference—workstations will be self-contained for 
interactive graphics tasks 


to central processing facility required (only for archival 
storage and retrieval), terminals can be remoted over long 
distances via modems. Maintainability is improved because 
local terminals, especially those with local offline storage, 
can continue with limited capability even when the central 
processing facility is down. 

Within the terminal, ICG design will evolve along perfor- 
mance and cost lines that are indicated by the underlying 


- technology. Powerful microprocessors will do all the pro- 


cessing required to support the ICG user in creating or 
editing graphics data bases. For many applications with 
relatively small data bases, all programs and data will reside 
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in programmable read only memory (P/ROM) and low cost 
RAM. In applications with large data bases such as very 
large scale integration masks, it will be more economical to 
use secondary Winchester disc storage media; the economic 
breakpoint below which they include secondary storage 
media will vary, depending on progress in lowering costs of 
the two technologies (particularly RAM costs). As the display 
processors supporting the raster video display become more 
powerful, they are merging with the microprocessor that 
serves the ICG workstation. Display processing tasks are be- 
ing split between the two processors, obtaining increased 
performance through parallel processing. 


Application Trends 


As the cost of system hardware has decreased and the 
capability of applications software has grown, ICG systems 
have penetrated nearly every conceivable application for 
2- and 3-dimensional graphics. The lower cost single-user 
systems are within the reach of many of the smallest potential 
users. Larger systems, with their vast library of applications 
software, are allowing the integration and coordination of 
design, manufacturing, and documentation functions. 

Turnkey ICG system vendors continue to expand as users 
become aware of what such systems can do. At the same 
time, users, experienced with earlier turnkey systems, are 
beginning to build their own systems. In addition to their 
own experience, there is a growing population of computer 
graphics professionals who know how to design and develop 
ICG systems, and software trends are easing the software 
development task. Since ICG hardware can be purchased at 
half the per terminal cost of that from turnkey vendors, the 
need for a modest number of terminals can pay for software 
development. Finally, end users can develop an ICG system 
designed for their own particular requirements rather than 
a general purpose system. 


Software for ICG Systems 


Software development for ICG systems, as in other areas of 
computer technology, has involved considerable time and 
expense. Early systems were invariably programmed in 
assembly language in order to maximize performance while 
using minimal amounts of memory. Standards for interac- 
tive computer graphics have yet to be established; program- 
ming and data bases of the various turnkey vendors are pro- 
prietary and incompatible. Hardware advances, particularly 
falling memory costs, have made it possible for new ICG 
systems to be developed in higher level languages. Stan- 
dards for ICG software design and translations between data 
bases have also advanced. Further, manufacturers of 
display systems are offering increasingly more powerful 
software building blocks for ICG system designers. 

For an end user assembling his own system, there are a 
number of available transportable software packages that 
can be used to integrate hardware from several manufac- 
turers into a complete system with limited development ef- 
fort. There has been a recent effort to standardize ICG data 
bases or, at least, provide a means of translating between 
them. This will benefit the user, who will be able either to 
choose between vendors or to mix various vendors and still 
maintain system compatibility. Moreover, database stan- 
dardization will preserve the option to develop individual 
systems. 
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Conclusion 


Interactive computer graphics systems have advanced 
dramatically during the last decade, spurred on by the 
development of the 16-bit minicomputer, falling memory 
costs, and other electronics technology. Microprocessors, 
semiconductor RAM, and raster video display technology are 
going to dominate new ICG designs in the eighties. While 
turnkey system vendors will flourish during the next several 
years, efforts at standardization of software and ICG design, 
database compatibility, and modular software building 
blocks available from display product vendors are making it 
feasible for users to develop their own systems. Current 
design architectures are moving towards the single-user ter- 
minal that was prevalent in early designs, but with use of 
lower cost technology and often,in a distributed, hierar- 
chical network. Design options available to turnkey 
manufacturers and end users in the future will be 
dominated by the available electronic technology; accu- 
rately forecasting that technology and its cost five years 
from now will reveal the future of ICG system design. It 
seems almost certain that costs will fall, performance will 
rise, and the installed base of user workstations will increase 
severalfold. 
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Leatherhead, Surrey, England 
Tel. Leatherhead 76221 
Telex: 23280 

FAX Leatherhead 76834 


COMPUTER DESIGNINOVEMBER 1980 


Shugart Announces __ 
The Next Generation / 
of Minifloppys: { 


Lg i] The Minifloppy tradition. The standard is set for high- 
- performance 96 TPI Minifloppys. And it’s by Shugart. Double 


- track and double density, the single and double-sided 
SA410 and SA460 Minifloppys deliver .5 or 1 MBytes 
8 ——_ of unformatted capacity on a 5%-inch diskette. 
Small wonder. Designed by the company that 
invented the Minifloppy, the SA410 and SA460 


¥ 
4g represent the culmination of all previous 5%4- 
2) inch disk drive technologies. What you get 

hj} today is the most thoroughly engineered, most 
t/} manufacturable, and most reliable Minifloppy 
by, drive available. The SA410/460 are the new 

rel standard in the eighties for price, performance, 
bbe and capacity. 


“Introducing the SA 
High perform 


Step into the future. Innovation, experience, and 
proven performance have always been the hallmark 
fam of the Minifloppy tradition. And the SA410/460 are the 
fees first of the next generation in that tradition. Utilizing 
Mian technology proven in our 8-inch disk drive products, 
fees the SA410 and SA460 use a multi-step positioning 
RL Oe technique, thus eliminating pole asymmetry, an 
inherent source of positioning errors and degraded 
performance. The simplicity of this multi-step 
positioning motor and the HeliCam lead screw 
follower insure its manufacturability, consistent 
high performance, reliability, and low cost. 


™ Trademark of Shugart Associates 
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Positioned for success. Shugart’s new HeliCam™ 
positioner delivers far greater accuracy than that of 
competitive actuators. The result is super precise 
positioning tolerances that virtually eliminate the 
problems of media interchange previously associated 
with prior 96 TPI 5'4-inch technology. The HeliCam 
solution means that you can reduce, by a significant 
margin, data handling errors—especially between 
systems in less than ideal environments. 


410/460. The 96 TPI 
ance Minifloppys. 


A new era starts today. Our commitment to the 51-inch disk drive market is driven by 
your requirements for low cost, highly reliable disk drive solutions. With unmatched 
commitments in manufacturing and R & D resources, we’re dedicated to delivering 
innovative, standard-setting products that meet your needs—both today and tomorrow. 
And we back all our products with superior technical support, design assistance, and 
in-depth documentation. Call today. We'll be delivering in production volumes by 
early 1981.0 Shugart Associates: 475 Oakmead Parkway, Sunnyvale, CA 
(408) 733-0100. Sales & Service: Sunnyvale, CA; Costa 
Mesa, CA; Minneapolis, MN; Richardson, TX; Framingham, 
MA; Mt. Freedom, NJ; Atlanta, GA; Toronto, Ontario; 

Paris, France; Munich, Germany. 0 


A>. Shugart Cl 


The next generation is here. 
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PROCESS CONTROL AND MONITORING BUSINESS GRAPHICS 


HERE’S A COLORFUL DISPLAY 
OF OUR VERSATILITY. 


No matter what type 
of business you’re in, 


our popular CG Series =Chromatics 


coming up with in- 
novative applications 
that save amazing 


of color graphics com- ees er tl crn amounts of time while 
puters can give you providing vital informa- 
vivid insights into — tion. If that’s the kind of 
every phase of your ‘ea r versatility you'd like in 


operations. Even our 3 a 
largest and most so- a 
histicated clients Serene 
<eep telling us they’re 
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LSI DEVICES SUPPORT 


BUBBLE MEMORY SYSTEM DESIGN 


Parallel design of five LSI devices optimizes total system 
solution to supply low error rate without host intervention or 
data logging problems. The family of support chips combines 
modules in series or in parallel for a variety of customized 


applications 


Sam Joseph Nicolino, Jr 


Intel Magnetics, Incorporated 


3000 Oakmead Village Dr, Santa Clara, CA 95051 


A large scale integration controller, eight each of five 
other single-chip devices, and a standard microprocessor in- 
terface enable this flexible, 8M-bit bubble memory system to 
achieve reliable, nonvolatile, solid state storage with 40-ms 
average access time and automatic error correction. Since all 
devices are designed in parallel, device tradeoffs optimize not 
just one component, but the total system solution. 

Six different processes (garnet, VMOS, CMOS, bipolar, 
NMOS, and HMOS) optimize power dissipation, package 
count, page size versus transfer rate flexibility, self- 
contained power failure security, system initialization, and 
multipage block data transfers. Also included are automatic 
error correction with a system error escape rate of 10~* bits 
per bit read, a complete status reporting strategy for iden- 
tification of errors, and a complete but easy to use instruc- 
tion set with unprecedented diagnostic capabilities in- 
cluding soft and hard error analysis. This overview of bub- 
ble memory configuration, operation, and application 
potential discusses the individual support components and 
the ways in which they interact when customized for typical 
applications. 

As shown in Fig 1, an 8M-bit bubble memory system con- 
sists of the following, all in dual-inline packages: eight 7110 
1M-bit bubble memory modules; one 7220 bubble memory 
controller (40-pin); eight 7230 current pulse generators 


(22-pin); eight 7242 dual data formatter/sense amplifiers 
(20-pin); eight 7250 coil predrivers (16-pin); and eight pairs 
of 7254 quad transistor packs (14-pin). Implemented as a 
dual-channel device, the Intel 7110 bubble memory module 
consists of two half-chips that share a single set of field coils 
and bias magnets. The assumption is made that chip halves 
will be accessed simultaneously, each half supplying 160 
storage loops, each with 4096 bubble positions. Each half 
contains two bootstrap loops (bootloops), only one of which 
is bonded; two bubble generators; two 80-element swap 
gates, operated in parallel; four 40-element replicate gates, 
also operated in parallel; two single-element boot swap 
gates for writing the bootloop; two single-element boot 
replicate gates for reading the bootloop; and two chevron 
stretcher detector elements for sensing all bubble data. 
Having a redundantly coded stream of data loop status 
and address information, a bootstrap loop indicates whether 
each of the 320 storage loops on both halves of the bubble 
memory module is good or bad and defines page address 0 
for the module. One of the two bootstrap loops is selected 
during prepackage testing, and the appropriate boot swap 
and boot replicate elements are then bonded to the 
BOOT.SWAP and BOOT.REP pins on the module. When writing 
or reading any page of bubble data except the bootstrap 
data, two bits are written to or read from each storage loop. 
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Fig 1 Bubble memory system block diagram. transistors are paired). Cell level FSA data 
One bubble memory controller connects up to handling achieves configuration flexibility. 
eight 1M-bit modules for maximum 1M-byte Operating different numbers of cells in parallel 
storage capacity. Each bubble memory module increases system page size while reducing 
cell contains five major components (drive number of system pages 
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Thus, there are 2048 pages of 320 bits in each half of the 
module. Of the 320 bits per half page, the memory system 
will use only 256 bits for data and 14 bits for an error cor- 
recting code, leaving an excess of 50 bits per half page. This 
means that as many as 25 loops need not function in each 
half of the device. However, since screening is performed at 
24 bad loops per half chip, when error correction is dis- 
abled, use of an extra loop gives the host a 16-bit utility field 
for each 256-bit data field. 

Support circuitry handles the intricate timing required to 
accomplish a read or write memory by the many bubble 
memory module elements. Basically, to write data into the 
device, a bubble pattern is produced by pulsing the two 
bubble generators during alternate memory field rotation 
cycles, propagating the bubbles down the input tracks, and 
finally pulsing the swap gates to exchange input track data 
with storage loop data. To read, the replicate gates are 
pulsed, nondestructively copying the storage loop data into 


the output tracks, and then output track bubbles propagate 
to the detectors for sensing. Each half of the device is 
implemented in two quadrants (Fig 2), with separate detec- 
tors for the two quads tied in a bridge configuration. Since 
sensing may then be achieved during each field rotation, 
the channel data rate is doubled without stretching bubbles 
in adjacent detector stretcher elements. For the bridge 
detector, bubble data must be multiplexed into the two 
quads during a write operation, explaining why each quad 
has its own bubble generator. 


System Functional Description 


One 7250 coil predriver (CPD) and two 7254 quad transistor 
packs (QTPs) combine to provide the current drive required 
for the two orthogonal field coils in each module. Drive 
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Fig 2 Bubble memory module architecture. 
Module half, shown here, is organized into two 
quads with bridge detector that doubles 
throughput. Read and write operations access two 
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bits per loop; thus each module half contains 2048 
pages of 320 bits. Fifty of the 320 bits/page are 
redundant bits assigned to bad loops that never 
receive bubbles 
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currents are triangular in shape and 90° out of phase, pro- 
ducing a rotating magnetic field in the plane of the bubble 
chip. Standby power requirements are quite low because 
the field is energized only when the bubbles must be 
rotated. The 7230 current pulse generator (CPG) provides all 
current pulses required for generating, swapping, and 
replicating bubbles. Timing signals, produced by the 7220 
bubble memory controller (BMC), enable current pulse 
drivers at the proper times and for the correct duration. The 
DATAOUT pins on the 7242 data formatter and sense 


C/D 

SELECT IN 
SELECT OUT 
ERRFLG 

DIO 


ENABLE A 


ENABLE B 


amplifier (FSA) enable the bubble generator current pulses 
when a bubble must be generated for binary | and disable 
the pulse when the bubble position must be left empty for 
binary 0. Current amplitudes are metal mask programmable 
for each current pulse output. 

Each half of the FSA device, called an FSA channel, con- 
tains a 272-bit, first in, first out data memory (FIFO); a 
160-bit bootloop register implemented as a 160 x 1-bit RAM; 
a 14-bit error correction shift register (ECR); a sense 
amplifier; and control logic (Fig 3). Although the FSA FIFO 


Fig 3. FSA block diagram. 
Providing communication 
between BMC and other 
DATAOUT A bubble memory system 
DETA components, FSA has sym- 
DETA- metrical layout that drives 
each module half sepa- 
rately. Bootloop register 
identifies good loops. ECR 
register provides 5-bit burst 
error correction. Internal 
FIFO buffers 256-bit page of 
data along with 14-bit error 
correction code (or 16-bit 
utility field) 


SHIFTCLOCK 
DETB 
DETB- 
DATAOUT B 
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has 272 physical locations, the error correcting mode uses 
only 270 bits. Therefore, the FSA FIFO has two free locations 
when holding a complete half page of data— from one of 
the bubble module channels—consisting of a 256-bit data 
field followed by its 14-bit error correction code. These free 
bits accommodate the 16-bit utility field available when er- 
ror correction is disabled. 

During initialization, redundantly coded information 
contained in the module bootstrap loop is used to load the 
bootloop register with a masked good loop map for its com- 
panion channel. A module channel must have at least 135 
good loops, of which the first 135 will be used and coded as 
a binary | in the corresponding bootloop register position. 
In the error correction mode, the bootloop register must 
contain 135 binary ls and 25 binary Os. Thus, the BMC loads 
ls into the first 135 bootloop register positions that corre- 
spond to good bubble data loops and, regardless of whether 
more good loops exist, masks subsequent bootloop register 
positions to 0. 

The ECR determines the 14-bit fire code that will be ap- 
pended to the 256-bit data stream during write operations 
and is used to detect and correct error bursts up to five bits 
long anywhere in the data stream (or in the error correcting 
code itself) during read operations. Error correction re- 
mains transparent to the host computer unless an error oc- 
curs. Barring a system failure, which causes a timing error, 
errors are possible only during a read operation. When any 
error exists, the FSA pulls the ERRFLG pin low to notify the 
controller, which identifies the type of error by reading the 
FSA status word. 


Basic FSA Operation During Read 


During a read operation, the FSA becomes involved only 
after three events have occurred. First, a read seek rotates 
bubbles until the proper page address is positioned at the 
replicator elements, resulting in a read match. Storage loop 
bubbles are then replicated into the output tracks. Since 
two bubbles have been taken from each loop, two replicate 
pulses are required; the second pulse occurs two shift cycles 
(field rotations) after the first. Finally, the bubbles pro- 
pagate down the output tracks to the detectors and, after all 
of these events have taken place, the BMC sends 320 bubble 
interface control pulses (SHIFTCLK), which cause the FSA to 
detect the bubbles. Resulting data bits are loaded into the 
FSA FIFO and simultaneously shifted into the ECR. However, 
data are loaded and shifted only if the bootloop register 
shows, by having a binary 1 on its output port, that the 
originating loop was a good loop. 

Whether or not the most recently sensed data bit was 
valid, the bootloop register pointer is adjusted to address 
the next location in preparation for the next data bit. The 
bootloop pointer does not increase in a ‘simple binary 
fashion because, if it did, a 320-bit bootloop register would 
be required. Since two bits per page are read from each 
storage loop, each bit in the bootloop register can be used 
twice by incrementing the pointer as follows: 0, 1, 0, 1, 2, 3, 
2,3, 4,.... After 320 SHIFTCLK pulses, 320 bits of data have 
been sensed, only 270 of which were passed as valid. The 
FSA FIFO is now full, since it is logically a 270-bit FIFO in the 
error correction mode, and all 256 data bits plus the error 


correction code bits have been shifted through the ECR. At 
this point, if the ECR contains all 0s, the FSA FIFO data are 
correct; otherwise, ERRFLG is pulled low to signal the con- 
troller that an error has occurred. 

Either of two techniques will determine whether an error 
in FSA FIFO data might be corrected. Using one approach, a 
Read Corrected Data (RCD) command is sent to the FSA. 
This reads back the data while the FSA attempts to correct 
it. After transfer, the FSA informs the controller whether or 
not the error was corrected successfully. Another approach 
is to send an Internally Correct Data (ICD) command, re- 
questing the FSA to attempt internal correction. No data is 
transferred. Upon completion of the ICD sequence, the FSA 
informs the controller whether the data was corrected suc- 
cessfully, preventing invalid data from reaching the con- 
troller. If no error occurred, the controller, after filling the 
FSA FIFO, simply reads the data on the bidirectional 1-bit 
data bus, DIO. 


Basic FSA Operation During Write 


In the write mode of operation, the controller loads the FSA 
FIFO with 256 bits of data by means of the serial DIO bus. 
The ECR then contains the error correction code for this 
256-bit data stream, and the FSA channel is ready to write a 
half page of data to its corresponding bubble channel in 
three basic operations. First, the controller rotates the 
bubbles until a write match indicates that they have 
reached the correct position to begin the write sequence. 
Second, the controller sends 320 SHIFTCLK pulses to the FSA 
channel; the 256 bits of data are eventually swapped into 
the first 128 good loops; and the error correction code is 
loaded into the last seven active loops. The bootloop 
register contains information required to interleave two 
logical Os (absence of a bubble) for each bad loop. If a 
bubble must be generated (logical 0 on the 7242 DATAOUT 
pin), a generate pulse is associated with each SHIFTCLK 
pulse. Finally, when the bubble generator has completely 
built the bubble pattern in the input track, pulsing the swap 
gates loads two bits into each storage loop. Bubbles are 
never swapped into bad loops, thus preventing bubbles 
from leaving the bad loops and contaminating active 
storage loop data. 


BMC Functions 


The BMC is capable of interfacing up to eight bubble 
modules to obtain a 1M-byte system; however, any number 
of bubble modules may be used in a system by adding an 
FSA for each module. The BMC (Fig 4) provides a standard 
8-bit Multibus® compatible interface for the 8080, 8085, 8086, 
or 8088, along with multiple bubble module operation in 
conjunction with the FSA, and generates all timing signals 
required throughout the integrated bubble memory system, 
affording three modes of data transfer through the 
Multibus interface: direct memory transfer handshake 
(DMA), half full interrupt, and polled data transfer. The BMC 
also implements parallel module operation and provides 
complete error handling and reporting via a status word 
and interrupt logic. Parallel operation allows a variable 
system page size of 512; 1024, 2048, or 4096 bits. 
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BMC Parametric Registers 


BMC parametric registers inform the controller of various 
system options and data transfer specifications. A command 
register, loaded with the 4-bit command code only after all 
other registers have been initialized, starts a command 
using specified parameters. A block length register 
designates the number of pages to be accessed and the 
number of FSA channels to be used in the transfer. The 
starting address register supplies the starting page address 
for the transfer and specifies which bubble modules are to 
be accessed in parallel. For example, if a total of eight 
modules are used and the block length register indicates 
that only four FSA channels should be accessed in parallel 
during data transfers, there will be four separate module 
groups, each consisting of two modules. At that point the 
starting address specifies both the module group and the 
page address, within that group, at which the transfer will 
begin. The enable register enables or disables the inter- 
rupts, direct memory access, bootloop writing, and two er- 
ror correction modes. The register address counter (RAC), a 
4-bit autoincrement register, can be loaded to address any 
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Fig 4 Bubble memory con- 
troller. BMC contains 
parametric register file, 40-byte 
FIFO, system bus _ interface, 
bootloop encoding and 
decoding circuitry, addressing 
RAM, bubble signal decoder 
for timing, FSA select logic 
segment to communicate with 
FSA, power fail and restart cir- 
cuitry, and microinstruction 
control ROM with sequencer 


of these parametric registers, or the FIFO, during a subse- 
quent load operation. 


BMC Data Handling 


Although it contains a 40-byte, double buffered BMC FIFO to 
store bubble related read/write data (including FSA bootloop 
register data), the BMC appears to the host processor as only 
three 8-bit data registers (Fig 5). The host writes all data 
into the BMC input latch (IPL). The ultimate data destination 
depends on the content of the RAC and on the state of BMC 
input pin AO, the only BMC address pin. When the host reads 
data from the BMC, it receives the Status Latch (STL) infor- 
mation if AO is high or output latch (OPL) information if AO is 
low. The OPL can contain either FIFO data or parametric 
register data, depending only on the RAC. Although this ar- 
rangement may seem confusing at first, it is quite simple to 
load the BMC registers, put data in the FIFO if desired, and 
send a BMC command. 

Each time a register read or write occurs, the RAC is in- 
cremented and the OPL is updated with the content of the 
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addressed register. For example, to write all of the BMC 
registers and place 20 bytes of data into the FIFO, the RAC 
must first receive 1011—to address the block length 
register—and AO must be high. Then, five bytes of register 
data can be written to the IPL, followed by 20 bytes of FIFO 
data. Once the RAC has incremented to 0, after the last 
register write, it remains at 0 until it is reinitialized with a 
write RAC command. If the host used the sequence just 
described to prepare to write bubble data, it would simply 
send the write command and ensure that the FIFO is kept 
supplied with enough data to complete the transfer. Here 
again, AO must be high when writing a command to the BMC. 
Bit 4 of the data bus distinguishes a command write from an 
RAC write. 


System Initialization 


The BMC must perform an initialization sequence before 
data are transferred to the bubble module. First, RESETOUT 
is used to purge system components. Next, the number of 
FSA channels tied to the SYNC, SELECTIN, and SELECTOUT 
daisy chain is determined by the BMC and stored in a 
counter. Then, for each FSA and bubble module combina- 
tion, three major operations are required. The bootloop on 
each bubble module is read into the BMC, decoded into a 
good loop map (40 bytes) for that module, loaded into the 
BMC FIFO, and masked into the active loop map (40 bytes) 
and written into the corresponding FSA bootloop registers 
(for two channels operating in parallel). The bootloop con- 
tains good loop information for both chip halves; these data 
are interleaved within the loop and separated when written 
into the FSA bootloop registers. To generate the active loop 
map, the BMC counts the number of binary Is loaded into 


FIFO 
(ADDR 0) 


PARAMETRIC 


REGISTER Fig 5 System bus interface. 


Although complex, bubble 
memory controller appears to 
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8-bit data registers. Autoincre- 
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data bus (DO to D7) depending 
on state of AO, the only address 
line. When writing register or 
FIFO data, AO is low. When 
writing command or value to 
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each bootloop register and masks subsequent ls once the 
proper number has been reached. To protect against ac- 
cidental bubble module writes with erroneous bootloop 
register information, the BMC must executé the initializa- 
tion command or abort command before any other com- 
mand can be executed. 


Addressing Strategy 


Upon conclusion of an initialization sequence, the bubble 
modules are positioned at page address 0 and the BMM ad- 
dressing memory is cleared. From this point, whenever the 
bubbles shift within the minor loops, the BMC address in- 
crements to reflect the address assigned to the bubble posi- 
tioned at the block replicate gate. Because two bits are writ- 
ten to or read from each storage loop during each page 
read/write operation, both storage loop data positions will 
have the same logical address. However, their physical ad- 
dresses will differ by two because instead of numbering the 
pages in sequence, they are numbered in a fashion that 
yields a minimum of field rotations between successive page 
addresses. This optimizes the transfer rate when reading or 
writing several consecutive pages. 

Fig 6 shows one of the minor loops in a bubble module. 
Physical page addresses are labeled on the interior of the 
loop, while logical addresses appear on the exterior. For any 
desired number of field rotations between successive pages, 
a constant (N equals 589 hexadecimal) can be determined 
allowing the sum of N to be added to the present address 
(modulo the number of addresses) yielding the next valid 
logical address in the loop. This constant will not be added 
on each field rotation; instead, it is added only when the 
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first bit of a new page rotates to the block replicate gate. 
Thus, if searching for a given page, bubbles are rotated and 
the address is updated until an address match occurs, at 
which time replication begins on the next field rotation to 
commence the reading of data. 

In the case of a write, a special constant is added to the 
address of the bubble at the replicator and the sum com- 
pared with the desired page address. A match condition 
signals that the desired address is the proper number of 


THE 2—BUBBLE POSITIONS THAT WILL BE READ/WRITTEN 
WHEN A TRANSFER TO PAGE ADDRESS 0 OCCURS 


Fig 6 Storage loop address strategy. 
Read/write operations access pairs of bub- 
bles (four such pairs are marked). Physical 
page addresses, shown inside loop, reflect 
inefficient page numbering scheme. Use of 
logical page addresses, shown outside 
loop, yields minimum number of field rota- 
tions between successive page bits, achiev- 
ing fastest multiple page transfer rate 
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field rotations ahead of the block swap gate. After data are 
generated in the input track, the swap gates can be pulsed 
to load the new data into the proper locations in the storage 
loops. Address matching is transparent to the host; to use 
the system, designers need know only the address field size 
(ie, number of system pages) and the system page size, 
which is the number of BMMs addressed in parallel 
multiplied by the 512-bit bubble memory page size. The ad- 
dress field may be increased at the expense of system page 
size (and vice versa) to accommodate a wide variety of ap- 
plications. The number of modules in the system deter- 
mines the product of the system page size and the number 
of system pages. For example, with eight modules, the total 
1M-byte storage area can be configured by setting up the 
BMC registers to produce 


System Page Size 


(Bits/page) No of Pages Address Range 
*256 32,768 0000 to 7FFF 
512 16,384 0000 to 3FFF 
1024 8192 0000 to 1FFF 
2048 4096 0000 to OF FF 
4096 2048 0000 to O7FF 


*This line is used only for diagnostics. 


It is also possible to access, for example, the first four 
modules in parallel, the fifth and the sixth modules in 
parallel, and the seventh and eighth modules separately in a 
variable system page size scheme offering pages of three 
different sizes in a single system. 

Separation of FSA data handling functions from the BMC 
makes the configuration flexibility possible. To achieve the 
full range of operating modes, only the number of bubble 
modules operated in parallel need change. The first line of 
the above table corresponds to a system whose modules are 
not used in parallel, one in which a system page consists of a 
single bubble module page as only one module is accessed 
at a time. When a page boundary is crossed, during data 
transfer, the next module in the chain will be accessed. In 
the last line of the table, all eight modules are used in 
parallel. There are eight module pages in each system page, 
and all eight modules are accessed as a single group. 

Data transfer rate improves by a factor of two with each 
increase in the number of modules operated in parallel. As 
shown in the table, up to 15 bits of address information may 
be required, of which the four most significant bits actually 
select among groups of parallel modules. Since one BMC 
operation can transfer up to 2048 pages, an 11-bit block 
length specification is required. Four bits determine the 
number of modules involved in a read/write operation. The 
starting address register and the block length register sup- 
ply this information. 


Starting Address Register 
Bit 15 14018 1 ok WO PST ei oe 2. 2 1D 


FSA Group Select 
Block Length Counter 
Bis 14. 18: 12 Ve oe 7 G6 Sh Se a 


11 LSBs of Starting Address 


No of FSA Channels 
Operated in Parallel 


Block Length for Next Transfer 
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Using the System 


Once the bubble memory system has been powered up, 
writing 1011 to the RAC selects the block length register, as 
previously described, preparing BMC to accept parametric 
data. The host now loads the parametric registers, sends a 
BMC initialization command, waits for completion, and 
checks to ensure that the command was successful. The 
enable register content determines the mode in which the 
BMC will respond. 

The STL contains the actual status information, the STL 
BUSY flag asserting while the BMC processes a command. Its 
TIMING ERROR flag signals any initialization problems. Once 
the operation has been completed, either an OPERATION 
COMPLETE flag or an OPERATION FAIL flag will be set. If the 
INTERRUPT NORMAL enable bit is set in the enable register, 
operation completion will activate the INT pin; if the INTER- 
RUPT ERROR enable bit is set, a timing error will activate 
INT. Therefore, status information can be obtained either 
by polling the STL or through use of interrupt service 
routines. Next, the parametric registers are loaded again to 
describe the desired write operation, and a write command 
sent to the BMC by loading the address of the first BMC 
register to be modified into the RAC and writing data into 
the IPL as before. The FIFO must be addressed before a com- 
mand that accesses FIFO data is sent. Autoincrement logic 
may automatically address the FIFO, at address 0; however, 
the FIFO can be addressed explicitly by clearing the RAC. 

Even after a write command is issued, the BMC will not 
begin a write transfer until at least two data bytes have been 
loaded into the FIFO. Once data transfer begins, the host 
must keep pace with the data transfer rate. Thus, if a direct 
memory access channel is used to supply data, its data 
transfer rate, accounting for priority, must exceed that of 
the bubble memory system. The bubble memory data rate 
(BDR) depends primarily on the bubble clock frequency, the 
level of parallel operation, and the average number of valid 
data bits written to a single channel in each clock period, 
while the bubble clock rate is one-fourth of the external 
clock rate. Therefore, at 4 MHz, given that there are 20 
clock pulses per field rotation, the rotating field rate is 
4 MHz/(20 * 4) = 50 kHz. In a 1M-byte system with four 
channels used in parallel, then a data rate of 136k bits/s 
would be required. In general, 


BDR = 0.034 * N * f, 
where N = No of parallel BMM channels 
fy = bubble clock rate 


When the DMA enable bit is reset, the DMA pin doubles as 
a FIFO half-full interrupt pin. During a write operation, it 
will be asserted when there is room enough in the FIFO for 
22 bytes of data. The host should transfer this data in a 
burst, at many times the minimum required data rate, to 
avoid spending most of its time servicing this particular in- 
terrupt, which would then require a higher priority than is 
necessary. In the lowest performance systems, the host can 
simply poll a FIFO READY bit in the STL which, during write 
operations, remains active while the IPL is empty and ready 
to accept a byte of data. Insufficient or excessive FIFO data 
causes a timing error and generates an interrupt. 

To read bubble data, parametric registers are loaded as 
in the case of a write operation, and a read command sent to 


the BMC. Various transfer modes are available, as with a 
write data operation, and the host must keep up with the 
BMC to avoid FIFO overflow resulting in a timing error. Read 
operations admit to a larger variety of error conditions than 
do write operations. If any FSA channel detects a data error 
(ECR not 0 at the end of a page transfer), it will pull down 
the open drain ERR-FLG line and then, depending on the 
content of the enable register, the BMC will direct subse- 
quent FSA operation. In any event, upon completion the STL 
is updated with FSA status and uncorrectable errors 
generate a host interrupt. 


Summary 


A family of large scale integration chips support the use of 
high density bubble memory modules by providing all of 
the data handling and interfacing functions required to use 
bubble memory effectively. Although they are normally not 
of concern to designers, specific details of system timing 
and operational sequencing illustrate their capabilities. In 
addition, owing to the great number of diagnostic com- 
mands, error correction and various redundancy schemes, 
and a complete means for enabling interrupts on different 
error conditions, the system can be used at a very low error 
rate without host intervention or data logging problems. 


Sam Joseph Nicolino, Jr, is a senior 
components engineer at the System 
Development Group of Intel Magnetics, 
Inc, where he has been primarily in- 
volved in designing the 7220 bubble 
memory controller chip and the error cor- 
rection portion of the 7242 formatter/ 
sense amp chip. He holds an MS degree 
in electrical engineering from lowa State 
University. 
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WHO COULD POSSIBLY MAKE 
A BETTER HIGH CAPACITY 
54" FLOPPY THAN THE 
PEOPLE WHO INVENTED IT? 


Who, indeed? 

When we invented the high track density 514” floppy, we gave you all the 
capacity of larger 8” floppies in the process —96 or 100 tpi that yield up to 1.1 mega- 
bytes per drive. And we started a movement. Now, everyone is making the high 
capacity 514” drive. 

But they're just not the same as the original. Maybe that’s because nobody 
knows as much about 514” floppies as we do. Or offers as much. 

As a result, over 75% of the system manufacturers choose Micropolis. And over 
95% of the double track density disk drives installed today are from Micropolis. 

Our wide range of drives comes with a patented precision centering mechanism 
to insure accurate centering of a disk — every time (four times better than the com- 
petition). In addition, we include ceramic/ferrite double density recording heads, 

10 msec track-to-track access time, stainless steel precision-ground positioning 
reference, and the highest quality electrical and mechanical components available. 
So you get high track storage capacity, fast access, lowest cost per K byte, significantly 
7 ee —s greater reliability and best of 
Moan | pehoed | fostionng | Tots | fies | all, 3 years delivery experience 
of 85,000 high capacity drives. 
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MPI 960K 96/100 single density unit. That’s one 
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TECH NOTE 


Making PL/M Programs 
More Understandable 


PL/M compiler directives enhance the self-documenting characteristics 
of PL/M and implement simple extensions of this powerful high level 


microcomputer language 


Douglas L. Abbott 


Zentrallabor fur Elektronik, Kernforschungsanlage ~ 


Postfach 1913, Julich, Federal Republic of Germany 


Hie: level language programs are 
the easiest to design, debug, and main- 
tain. Used creatively, the self- 
documenting features of PL/M can be 
further expanded to augment program 
understandability and maintainability. 

Self-documenting programs can be 
generally understood by a reading of 
their source code alone, without 
reference to additional comments. Yet 
even though conscientious program- 
mers document their programs with 
clear, explanatory comments, no pro- 
gram can be entirely self-documenting 
in practice. The problem surfaces as a 
program goes through its inevitable 
evolutionary changes—programmers 
invariably neglect to update program 
comments consistently. 

In self-documenting programs, a 
certain amount of commentary is 
automatically revised with the code. 
Consider the following PL/M statements 


CALL OPEN (.INFILE,.FILENAME,1,0, 
STATUS); 


CALL READ (INFILE,.BUFFER,80, 
-ACTUAL,.STATUS); 


Without knowing anything about pro- 


cedures OPEN and READ, it is 
reasonable to assume that OPEN 
establishes some sort of logical in- 
put/output (1/0) channel and that READ 
transfers data through the channel to 
memory. Yet, from the statements 
themselves, the relationships between 
the various parameters are not entirely 
clear. Consider, instead, the state- 
ments 


OPEN$CHANNEL (.INFILE 
USING .FILENAME FOR 
READ$ACCESS 
NO$ECHO RETURNING .STATUS),; 


READ$FROM (INFILE INTO .BUFFER 
UP$TO 80 CHARS$RETURNING 
ACTUAL, .STATUS) 


These two statements are equivalent to 
the previous statements; however, they 
are much more explicit about the way 
in which they perform the same task. 
The READ statement, for example, 
shows quite clearly that the program 
will read a record of up to 80 char- 
acters from a channel identified by IN- 
FILE into memory at location BUFFER 
and return the ACTUAL number of 


characters that were transferred, along 
with STATUS of the operation. 

Simple text substitution transforms 
the first pair of statements into the 
second pair, replacing mode constants 
with text that describes the specified 
mode and substituting meaningful text 
for the delimiting commas. The 
LITERALLY declaration, which permits 
a symbol to represent a string of text, 
achieves text substitution under PL/M 
in much the same way that assemblers 
implement macros. Whenever the PL/M 
compiler encounters a symbol defined 
in a LITERALLY declaration, it replaces 
the symbol with the associated text 
string. 

In the simple example of Fig 1, 
statement number 2 declares FLAG to 
be a logical variable, one that can take 
on only the values TRUE and FALSE. 
However, the compiler substitutes the 
string BYTE for the string LOGICAL and 
defines FLAG as a BYTE variable. In 
statement number 3, the numerical 
constant FF (hexadecimal) replaces the 
symbol TRUE so that, in effect, ex- 
ecuting statement number 3 sets FLAG 


(continued on page 171) 
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There’s lots of good reasons to buy 
your ADD-ON/ADD-IN memory 
from the leader. 


For starters, there’s the wide range of 
core and semi mini-memories we offer. 
The industry’s widest. In fact, Dataram 
is the only company in the world 
supplying minicomputer-compatible 
core and semiconductor main memory 
and disk emulation systems. The only 
company. 
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And Dataram ADD-ON/ADD-IN 
products do more. Like save 
money...as well as valuable space in 
your minicomputer. And they increase 
throughput and improve overall 
performance. 


Just some of the reasons why Dataram 
is the leading supplier of 
ADD-ON/ADD-IN memory for the 
minicomputer industry...and shipping 
at an annual rate of $25 million. 


Tel: 609-799-007 | 


LSI-11/23 compatible 
256KB ADD-IN 


Want more reasons? If you’re using a 
minicomputer, and want to get more 
for your memory dollar, talk to us. 
We’re very reason-able. Dataram. 


DEC, LSI-11/23, and PDP are registered 
trademarks of Digital Equipment Corporation. 


Princeton Road 
Cranbury, New Jersey 08512 
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to contain all ones. Only the compiler 
encounters the substituted text; the 
listing retains the original literal 
symbol. 

Of course, declaring FLAG to be a 
logical variable does not make it one in 
the true sense of the term because PL/M 
does not recognize logical variables as 
such. As far as PL/M is concerned, FLAG 
can assume any value between 0 and 
255. The LOGICAL declaration pro- 
grammed in place of the BYTE declara- 
tion aids program documentation and 
understanding by highlighting the use 
of FLAG as a synthetic logical variable 
without any need for additional ex- 
planation. In this manner, LITERALLY 
declarations contribute to a self- 
documenting program. 

Two other features of PL/M, the 
$INCLUDE directive and the $LIST and 
$NOLIST directives, can also simplify 
programming and enhance program 
readability. The $INCLUDE (file name) 
directive implements another form of 
text substitution. It designates a file 
whose entire content is inserted into 
the source file at the point where the 
$INCLUDE directive was encountered 
and also printed on the source listing. 
It is particularly valuable when supply- 
ing predefined declarations for exter- 
nal procedures. Instead of writing out 
the declarations for library procedures 
in every program, a file consisting only 
of procedure declarations can be 
prepared, and the $INCLUDE directive 
can insert this file into every source 
program that uses library procedures. 
Placing declarations for each library 
procedure in a separate file is usually 
more convenient than using one file 
for all of the declarations; then, a pro- 
gram can $INCLUDE only those declara- 
tions that are required. Commonly 
used literal declarations can be han- 
dled in the same manner (Fig 2). 

The type of $INCLUDE file described 
here contains procedure declarations 
or literal constants whose meanings 
are known to the programmers using 
them. Thus, it is neither necessary nor 
even desirable for these declarations to 
appear in the source listing because 
they would constitute unnecessary and 
distracting detail. The $NOLIST direc- 
tive is a PL/M feature that contributes 
to program readability by suppressing 
unnecessary detail. Input source text 
between a $NOLIST directive and a 
subsequent $LIST directive is not 


(continued on page 176) 


DECLARE TRUE LITERALLY ‘OFFH’, 
FALSE LITERALLY '0’, 


LOGICAL LITERALLY ‘BYTE’: Fig 1 Defining logical 


variables. Statement 2 declares 


DECLARE FLAG LOGICAL; FLAG to be logical variable, 

6 type not supported under 
PL/M. Compiler substitutes 
BYTE for LOGICAL, 0 for 


FALSE, and OFFH for TRUE to 
FLAG = TRUE; effect simple extension of 
© language 
e 


IF FLAG THEN DO; 


$ NOLIST 
DECLARE TRUE LITERALLY ‘OFFH’; 
DECLARE FALSE LITERALLY ‘0’; 
DECLARE LOGICAL LITERALLY ‘BYTE’; 
DECLARE WORD LITERALLY ‘ADDRESS’; 
/* 

SPECIAL ASCII CHARACTERS 


i 

DECLARE 
NULL LITERALLY ‘0’, 
BELL LITERALLY ‘7’, 
TAB LITERALLY ‘9’, 
LF LITERALLY ‘OAH’, 
VT LITERALLY ‘OBH’, 
FF LITERALLY ‘OCH’, 
CR LITERALLY ‘ODH’, 
ESC LITERALLY ‘1BH’, 
QUOTE LITERALLY ‘22H’, 
LCA LITERALLY ‘61H’, 
LCZ LITERALLY ‘7AH’, 
RUBOUT LITERALLY '7FH’; 


LIST 


Fig 2. Suppressing unnecessary detail. Auxiliary file of 
literal declarations, to be inserted into source program 
through use of $INCLUDE declaration, contains distract - 
ing information with limited value as documentation. 
$NOLIST and $LIST directives suppress statements on 
source listing. $INCLUDE statement appears on listing 
to document name of included file 
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As your ideas race into the future, 
you need products to match your 
stride. Today Zilog offers you the most 
advanced family of microprocessor 
products made: components, sup- 
port devices, software, development 
systems. All available in production 
quantities with worldwide support. 

Elegant but soundly conservative 
scaled n-channel manufacturing 
processes combine with generation- 
ahead architecture to give Zilog 
products uncommon performance 
levels. The 8-bit Zilog Z80 revolution- 


ized the microprocessor industry. 

Today its become the still more 
Zilog Z8, packs an ingeniously flexi- 
ble, complete 8-bit microcomputer 
onto a single chip. And, as you would 
expect, the incredible 16-bit Zilog 
Z8000 has set the microprocessor 
performance standards for the 1980's. 

Give your imagination some of 
our hard, profitable facts to work 
with. Write: Zilog, Dept. E, 10460 Bubb 
Road, Cupertino, CA 95044. Or, call 
your nearby Zilog distributor. 


The new ZSCAN 8000 
emulator lets you develop 
your Z8000-based 
systems in less time. 


This compact in-circuit emulator gives you 


real-time support for your Z8001 and Z8002 
development needs. It's usable with almost 
any standard CRT and software host develop- 
ment system and can be transparent for 
direct communication to both. Its “friendly” 
operator interface makes it easy to learn, 
easy to use. 
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We just reduced your bus 


Introducing 
the fastest 
single-chip 
IEEE-488 
bus in the 
business. 


Fairchild’s 96LS488 is 
the first and only Gen- 
eral Purpose Interface 
Bus that performs all the 
functions of Talker, 
Listener and Talker/ 
Listener on a single low- 
power Schottky chip. 
And it's microprocessor- 
independent. 

No one can touch 
the 96LS488 for speed, 
either. It operates at the 
full bus specifications of 
1 MHz data rate—four 
times faster than its 
closest competition. 


It drives the bus 
directly. 


The 96LS488 con- 
tains all the termination 
resistors and 48 mA 
drivers for the manage- 
ment, bus handshake 
and parallel Poll required 
for the bus. It implements 


all IEEE-488 functions 
internally and features 
simple system 
handshake for ease of 
interface. 


A bus load of 
features. 


The 96LS488 
requires only a single 
5V power supply. It has: 

Separate Talk and 
Listen address capability. 

Secondary address 
Capability. 

Talk only and Listen 
only capability. 

source handshake 
delay programmable 
for low or high-speed 
data drivers. 

Serial Poll and par- 
allel Poll capability. 

A device Trigger and 
Device Clear outputs. 

The capability to 
implement Remote/ 
Local function. 

And all bus I/O signals 
comply with IEEE-488 
input threshold, termin- 
ation and output specs. 


We'll route you 
an evaluation 
kit today. 

The 96LS488E is 


available to you Now. 
You can begin to design 
with it immediately by 
contacting your local 
Fairchild Semiconduc- 
tor distributor for an 
evaluation kit. This kit 
includes 

Two 96LS488E S. 

A complete data 
sheet describing the 
functions and para- 
meters of the 96LS488. 

An application guide 
showing information 
on hookup with various 
microprocessor-based 
systems. 

The names of our 
96LS488 applications 
specialists you Can Call 
to answer any additional 
questions. 

There's no longer 
any need to spend extra 
time designing an inter- 
face logic. Our bus gets 
you there much faster. 
And much easier, too. 

For more information 
call or write 96LS488 
Bus at Fairchild Semi- 
conductor Products 
Group, P.O. Box 880A, 
Mountain View, 
California 94042. Tel: 
(415) 962-3716. 

TWX: 910-379-6435. 


Fairchild Camera and Instrument Corporation 
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File: OPEN.EXT 


OPEN: PROCEDURE (CHANNEL$PTR,FILESPTR,ACCESS$MODE,LINE$EDIT,STATUS) EXTERNAL; 
DECLARE (CHANNEL$PTR,FILE$PTR,ACCESS$MODE,LINES$EDIT,STATUS) WORD; 


END OPEN; 


DECLARE OPEN$CHANNEL LITERALLY ’CALL OPEN’, 


USING LITERALLY ',’, 
FOR LITERALLY ',’, 


READ$ACCESS LITERALLY ‘1’, 
WRITESACCESS LITERALLY ‘2’, 
UPDATE$ACCESS LITERALLY ‘3’, 
ECHOSTO LITERALLY ’,’, 
NO$ECHO LITERALLY ',0’, 
RETURNING LITERALLY ’,’; 


File: READ.EXT 


READ: PROCEDURE (CHANNEL,BUFFER$PTR,COUNT,ACTUAL,STATUS) EXTERNAL; 
DECLARE (CHANNEL, BUFFER$PTR,COUNT,ACTUAL,STATUS) WORD; 


END READ; 


DECLARE READSFROM LITERALLY ‘CALL READ’, 


INTO LITERALLY ',’, 


UP$TO LITERALLY ’,’, 
CHARS$RETURNING LITERALLY ',’; 


Fig 3. Enhancing external procedure declarations. If OPEN and READ procedures are contained in library of I/O 
routines, special files that supply necessary external procedure declarations can be inserted into routines that use 
OPEN and READ by means of $INCLUDE directives. Included files can also contain literal declarations to augment 


self-documenting nature of PL/M 


included in the source listing. 
$SINCLUDE files containing commonly 
used declarations should begin with a 
$NOLIST directive and end with a $LIST 
directive to suppress listing of the file; 
however, the $INCLUDE statements 
themselves will be listed to record the 
names of included files. 

Assume, for example, that the OPEN 
and READ procedures described earlier 
are contained in a library of I/O pro- 
cedures. Special $INCLUDE files, such 
as those shown in Fig 3, might contain 
not only the external procedure 
declarations, but also the literal 
declarations of all those symbols that 
contribute to program readability. 
Then, programmers can use either the 
conventional CALL statement, the more 
conversational form previously 
described, or any intermediate com- 
bination. 

Literal declarations can implement 
simple semantic extensions of PL/M. 
For example, PL/M declares 16-bit 
variables to be of type ADDRESS, a 
somewhat misleading and potentially 
confusing term. By declaring the sym- 
bol WORD to be, literally, ADDRESS, 
16-bit variables can be declared to be 
of type WORD, which is easier to 
understand. It’ might be equally useful 
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to declare the symbol POINTER as, 
literally, ADDRESS for use with pointer 
variables that are, in fact, addresses of 
other variables. 

Control structures can be similarly 
extended. By defining FOREVER to be, 
literally, WHILE 1, the DO FOREVER 
statement can designate the beginning 
of an infinite loop, a common structure 
in realtime applications. The ability to 
write DO UNTIL would, in many cases, 
be clearer than an equivalent form of 
DO WHILE. Of course, DO UNTIL is iden- 
tical to DO WHILE NOT; thus, declaring 
UNTIL as, literally, WHILE NOT, creates 
the DO UNTIL structure. 

The iterative DO construction, 


DOI = 1 TON; 
can be replaced by 
FOR I = 1 TON; 


Notice, however, that this use of FOR 
conflicts with its usage in the 
OPENS$CHANNEL statement, described 
earlier, and a literal symbol, like a 
reserved word, can have only one 
definition in any program. It is up to 
the programmer to make the tradeoffs 
necessary to arrive at an optimally 
useful set of unique literal symbols for 
each application. As with much of pro- 


gramming, it may come down to a mat- 
ter of personal taste. 

There are other restrictions and 
limitations on the use of literal declara- 
tions. PL/M reserved words cannot be 
redefined; for example, in the READ 
statement, TO would be just as 
readable as INTO, but TO is a PL/M 
reserved word. Also, it is important to 
avoid giving the same symbol different 
literal definitions in different included 
files. Apart from these limitations, 
familiarity with and creative use of the 
$INCLUDE, $NOLIST, and $LIST direc- 
tives provides a valuable program- 
ming tool that enhances the self- 
documenting nature of PL/M programs 
by making them easier to understand 
and maintain. 
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DESIGN NOTE 


Mask and Menu File System 
Eases Operator Handling 


File system uses masks, menus, and function keys to streamline 
operator interaction in an information retrieval design optimized for 


use with microprocessors 


K. Buchmann 


Siemens AG 


Otto-Hahn-Ring 6, Munich 83, Federal Republic of Germany 


E trectiveness of microcomputers is 
determined by the way in which they 
handle and process data. Because their 
capabilities differ considerably from 
those of larger computers, microcom- 
puters require innovative concepts for 
data handling and file management 
and modification of terminology 
generally associated with computers. 
Data base is an example. The data 
base used by the microcomputer file 
system described here is incomparably 
different from those used by larger 
computers. This system, designed 
around the SME-800, includes four 
SAB 8080 microprocessors acting as the 
system, file, peripheral, and remote 
data communications processor that 
can communicate with as-many as four 
double-density floppy disc drives, for a 
total storage capacity of 2M bytes. Of 
course, part of the 2M-byte capacity is 
used for programs, data organization, 
and buffer files. 

As floppy disc access speed and the 
volume of data to be processed are fac- 
tors limiting system throughput, it is 
not surprising to find neither the pro- 
cessors nor the programs responsible 
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for bottlenecks that develop in the pro- 
cessing of data. Rather, it is manage- 
ment of and access to the floppy discs 
that are the critical factors. Floppy 
disc data storage and organization are 
implemented through an interface to 
the ISIS-II operating system or, for the 
multiprocessor system, through a 
similarly defined interface. It is this in- 
terface that implements data handling 
macros such as OPEN, CLOSE, READ, and 
WRITE. 


Hardware and Software 


In this system the data base is acces- 
sible to a microcomputer system whose 
central processing unit (CPU) is a 
SAB 8080 with a memory capacity of 64k 
bytes. Required peripherals include a 
data display terminal with block mode 
capability and write protection, a 
floppy disc unit with at least two 
drives, and a printer. Since the file 
system was developed on the SME-800, 
it is accessible from this system as well. 
The full system implementation is con- 
figured as an office computer con- 
sisting of several microcomputers, 


each of which is an autonomous sub- 
system including a CPU, memory, and 
input/output (I/O) capability. The 
microcomputers communicate by 
means of a direct memory access (DMA) 
channel. In addition, the system pro- 
cessor serves as the console processor 
and has a full memory capacity of 64k 
bytes. The file processor, to which the 
floppy disc drives are connected, in- 
cludes the floppy disc driver and the 
DISC interface circuitry, while the 
peripheral processor connects the stan- 
dard 1/0 devices such as printer, paper 
tape reader, and paper tape punch. 
The communication processor handles 
remote data transmission with large 
mainframes or other office computers. 
One of the major advantages of the 
multiple microcomputer system is its 
ability to use any component module 
on its own. For example, a minimum 
version, for less sophisticated applica- 
tions, would employ the system pro- 
cessor as a standalone computer, allow- 
ing configuration of a low cost version 
without sacrificing expansion. capabil- 
ity. Individual microcomputer modules 
(continued on page 182) 
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Biomation’s new LA-5000 50MHz logic memories with an auto-stop function to simplify fault- 
analyzer brings the convenience of our __‘incing. Reverse video highlighting calls attention to memory 


K100-D to microprocessor designers. differences. The reference memory is easily accessible 
via the keyboard. And, a memory search feature matches 


Following our K100-D, which sets the industry standards —_|ike sequences in both working and reference memories. 


for digital system debugging, Biomation brings you a Introduce the glitches plaguing your system to their 
new glitch fixer, the LA-5000. A logic analyzer matched _ fixer. You'll enjoy efficient system debugging at a price well 
in cost and capability to the needs of microprocessor below what you'd expect to pay. For more information 
system designers. on the LA-5000, or any of Gould’s 

The LA-5000 is ideal for data domain and timing full line of logic analyzers, write: ; 1 
analysis with clock rates from 12.5 MHz with 16 recording Gould Instrument Division, ; 
channels, to 50 MHz with 4 channels. Three display Santa Clara Operations, 


modes give you: data domain information in binary, octal 4600 Old Ironsides Drive, & . 
or hexadecimal; timing diagrams; even a graphic plot Santa Clara, CA 95050. \ 
of successive word values. Or call (408) 988-6800. Oo 


Three full screen interactive menus — Acquisition, HER 
Format, and Special Function — make set-up fast and = G O U iD . <u> 


simple. There are also partial menus of frequently needed 
parameters as part of the display modes. gh css eriasm a ate pairs aie 


Convenience features? The LA-5000 features two 
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INSTOCK NOW! 
New 2K x 8 Sfatic CMOS RAM... 


The HM 6llé 


From HITACHI !!! 


Pin Compatible With Byte -Wide 
Industry Standard EPROMS 


The Hitachi HM6116 CMOS RAM is Available Now 
for Immediate Delivery! Now that youre ready to 
design your next system, why not use the best: the 
Hitachi HM6116 2k x 8 static RAM. The HM6116 
incorporates Hitachi “HI-CMOS’ technology and a 
cost-effective plastic package that bring you the 
best of three technologies: HMOS speed; NMOS 
high-bit densities, and CMOS low power 
dissipation. Like all Hitachi “HI-CMOS’ RAMs, the 
HM6116 lets you enjoy state-of-the-art 
performance at competitive prices. In addition, 


Regional Headquarters 


Westem Central 

1800 Bering Drive 

San Jose, CA 95112 Houston, TX 77036 
(408) 292-6404 (713) 974-0534 
TWX 910-338-2103 TWX M0-881-7043 


Eastem 
6200 Savoy Drive, Suite 704 594 Marrett Road, Suite 22 Bell *CAM/IPC * Diplomat + Future + Jaco + 
Lexington, MA 02173 
(617) 861-1642 

TWX 710-326-1413 


the HM6116 2K x 8 has an address access time of 
120ns; its low power dissipation during operation is 
180MW, and a mere 100uW, during complete 
standby (compare this to the typical 7OOmW 
required by ordinary 16K NMOS cerdip RAMs). 
And, the HM6116 has another big plus: ifs ready 
now for immediate delivery! 


For more information about the Hitachi HM6116 
CMOS RAM, call your local Hitachi Representative 
or distributor sales office. 


HITACHI 


Hitachi America, Ltd., Electronic Devices Sales and Service Division 
1800 Bering Drive, San Jose, CA 95112 (408) 292-6404 


Symbol of Semiconductor Quality, Worldwide 


Stocking Distributors 
Active Component Technology » Anthem = 
Marshall « Milgray + RC Components » 


Resco « RM Electronics + Sterling + Time + 
Western Micro Technology 
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using basically identical hardware dif- 
fer mainly in the interfaces but, more 
importantly, in their software. 

It is the operating system that pro- 
vides the basis for the file system and 
interfaces the file system to the console 
and the printer. All microcomputers 
are equipped with send and receive 
programs for mutual data exchange. 
The central processor executes addi- 
tional programs for console 1/0, func- 
tion key processing, system bus con- 
trol, and distribution of functions 
among the other processors, leaving 
the file processor to handle the floppy 
disc interface using such calls as OPEN, 
READ, WRITE, and CLOSE. The 
peripheral processor executes the 
printer interface software, accepting as 
much data as its storage capacity per- 
mits, while routing data to the printer, 
allowing the system processor to con- 
tinue with unrelated tasks. The com- 
munications processor executes soft- 
ware that implements the communica- 
tion protocols. 


File System 


The file designed 


system was 


specifically for the distributed ar- 


chitecture just described. Its key 
feature is that it permits several 
autonomous processors to perform 
parallel, independent file access con- 
currently. The file system occupies 32k 
bytes of system processor memory and 
uses the remaining system processor 
memory as a buffer area for floppy disc 
1/0. File system software is stored on 
floppy disc and loaded to the ap- 
propriate processor by the operating 
system in response to a console func- 
tion key. 

Access to the data base is achieved 
by executing a command or by using a 
function key. All file system requests 
conform to a structured dialog carried 
on by using the masks and menus. 
Because file system operation is based 
on masks, no data can be accepted or 
accessed without first defining the 
mask. 


Mask Processing 


Mask generation is accomplished 
through the definition section of the 
system. Each mask is assigned a name, 
and the mask, along with all data for 
the corresponding data structure, is 
titled with this name. The various 


Imagine you could design a microprocessor sys- 
tem that would operate almost anywhere in the 
world with a single switching power supply. Well, 
you can with Converter Concepts’ low-power 
switchers! 


WIDE INPUT VOLTAGES Only Converter Concepts 
produces 15 to 100 watt switchers that operate on any 
voltage from 90 to 250VAC or 10 to 40VDC — without 
switches, jumpers, taps or other modification. 


BROWNOUT PROTECTION You get reliable operation 
during power failure, too, on power as low as 50VAC, 
with minimum degradation of output voltage. 


LATEST SWITCHER CONCEPTS Our advanced 
switchers use a single transistor, single trans- 
former flyback design with soft turn-on charac- 
teristics and short circuit protection. You get less 
complexity, higher reliability and efficiency, and a 
cost that's competitive with linears. 


MANY OPTIONS 
Four input power ranges and single, dual or triple 
Output options are available in low-cost printed cir- 
cuit board, open frame or RFl-resistant enclosed 
packages. 

RIGOROUS QUALITY CONTROL We're building a 
reputation for tough QC, so you're buying confi- 
dence with every Converter Ponteate switcher 
Call us today for engineering assistance, our latest 
engineering catalog, prices and your nearest CCl 
representative. 


Mae CONVERTER 
\4“45" CONCEPTS... 


435 S. Main St. Pardeeville, WI 53954 Tel. (608) 429-2144 
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mask fields are defined by aspect 
names, listed in an aspect catalog, and 
the data entered in these different 
fields are known as aspect values. 

While a mask is being created, write 
protection is disabled. Once a mask 
has been transferred to the file, the 
computer sends back an echo of the 
mask as it is to be used, including all 
protected fields. The mask generator 
then works with data shown as the 
table ‘‘Mask Generator Automation.” 
The top line indicates various states 
the mask generation process can pass 
through, while the first column lists 
the possible characters each state ac- 
cepts as input. The matrix fields then 
specify the state into which the process 
passes after receiving the correspond- 
ing character. 

In the start state, the system waits 
for a heading. The heading is ter- 
minated with a carriage return. If a 
carriage return is the first input 
character, there is no heading and the 
first aspect name follows immediately. 
As shown, any characters may be used 
within the heading. The start of name 
state is entered with the first aspect 
name only. The system waits for a 
character that is permissible in names, 
and then passes into the ‘“‘name”’ 
state; the colon character terminates 
this state. Explanations or comments 
may be inserted between the name and 
the colon terminator. After the colon, 
the area for the aspect value begins, 
marked by points whose number deter- 
mines the aspect value length. Aspect 
name and value form within the mask 
an entity, which may be followed by 
comments enclosed between slashes. 

A close relationship exists between a 
mask and its data. Deletion or 
modification of an existing mask must 
be done with care because, since the 
mask defines the data fields, changing 
or deleting the mask may change or 
delete the data. Deleting aspect names 
within a mask will delete the cor- 
responding aspect value, and modify- 
ing a value length while keeping the 
aspect name will involve reducing or 
expanding the data field, which may 
cause truncation of data. (See Fig 1). 


Data Manipulation 


Once a mask has been defined, data 
can be manipulated by overwriting 
them with new data or by modifying 
the original data. In modifying the 

(continued on page 186) 
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17+ MEGABYTE 
‘DISK BACKUP 


DEI COMPATIBLE 
CARTRIDGE TAPE DRIVE 


The Model 400 MAXIDRIVE™ packs 17.2 
megabytes on a single data cartridge and is 
loaded with advanced features. Unique, hard 

mounted motor. Rugged transport mechanism. 
Excellent power dissipation. High, 6400 bpi 
density. Fast, 192,000 bps transfer rate. Four-track, 
read-after-write dual-gap head, with selective erase. 
Solid state BOT/EOT detection. Plug-in electronics. 
Plus more. 


Contact us today for complete details — 


Qantex 


Division of 

North Atlantic Industries 

60 Plant Avenue, Hauppauge, NY 11787 
(516) 582-6060 TWX 510-227-9660 
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board computer you can buy. 

The Am96/4116 lets you do a 
whole lot more in a whole lot less 
time. More data acquisition, more 
data manipulation, more number 
crunching, more anything. 

What about support? No 
problem. Weve got plenty of soft- 
ware and a whole family of 16-bit 
peripheral boards. 

And if youre worried about 
reliability, don’t be. We burn in 
every Am96/4116 to make doubly 
sure it’s reliable and ready to go. 


What's so super 
about Supercomponents? 
The Am96/4116 is the newest 
member of our Supercomponent 
family. 


Supercomponents are 
LSI-intensive boards built to save 
the serious designer a whole lot 
of time and money. They are chang- 
ing the make-or-buy rules. 

Heres why: 

Supercomponents are abso- 
lutely state of the art. They are 
designed in like 86-pin compo- 
nents and they think like VLSI. 
All are plug-in ready. All are Mullti- 
bus compatible. And, of course, 
we have a complete tamily of peri- 
pherals, memories, enclosures, 
power supplies, card cages and 
software. 

If youre looking for the 
fastest way to catch the bus, call 
Advanced Micro Devices. 

We've got just the ticket. 


Advanced Micro Devices cl 


901 Thompson Place, Sunnyvale, CA 94086 - (408) 732-2400 ext. 2400 
Right, From The Start. 


*Multibus is a registered trademark of Intel Comoration 
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Mask Generator Automation 


State 
Name 
Characters Start Title Begin Name Parenthesis 
Carriage Name Name Name Name Parenthesis 
return Begin Begin Begin 
Colon Title Title Error Point Parenthesis 
(no aspect 
name) 
Parenthesis Title Title Error Parenthesis Error 
(left) (no aspect (double 
name) left) 
Parenthesis Title Title Error Error Colon 
(right) (no (no 
parenthesis parenthesis 
left) left) 
Point Title Title Error Name Parenthesis 
(no aspect 
name) 
End Error Error Error Error Error 
(no (end in (no aspect (no aspect (no 
input) title) name) value) parenthesis 
right) 
Blank Title Title Name Name Parenthesis 
Begin 
Diagonal Title Title Comment Error Parenthesis 
streak (comment 
in name) 
Other Title Title Name Name. Parenthesis 
characters 


Colon Point Comment 
Colon Point Comment 
Point Error Comment 
(no aspect 
name) 
Error Error Comment 
(second (parenthesis 
parenthesis) in value) 
Error Error Comment 
(no (parenthesis 
parenthesis in value) 
left) 
Error Point Comment 
(no colon) 
Error End Error 
(no aspect (end in 
value) comment) 
Colon Point Comment 
Error Comment Name 
(comment Begin 
after name) 
Error Name Comment 
(no aspect 
value) 


original data, it is possible to search 
the data with an I/O mask, sort the data 
with a sort mask, modify the data 
under 1/0 or search masks, display data 
with mask, or output the data in a 
table (Fig 2). 

When searching with the 1/0 mask 
(Fig 3), the screen displays the user 
defined mask for data 1/0, allowing en- 
try and transmission of any available 
information. The file system searches 
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out and displays all records that match 
initialized mask positions. These 
records are neither buffered nor made 
available for further processing; in- 
stead, this search operation supplies 
fast access to the data base. Searching 
with the search mask (Fig 4) permits 
formulation of linked searches that 
specify, for each function, one aspect 
name, one criterion for comparison, 
and one aspect value. Upon termina- 


tion, the system displays on the screen 
or printer the number of records that 
were located, which are buffered for 
use in the next operation. 

A sort mask (Fig 5) can specify up to 
three sort criteria, effecting linkage 
only if the preceding criterion pro- 
duced a match. Modification is always 
preceded by a search operation, which 
can be executed by either the 1/0 or the 

(continued on page 190) 
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BACKUP NEEDS. 


And that’s good news for Winchester 
disk users. It means we'll be able to 
build all the 4" cartridge tape drives 
OEM's need for backup. 
_ Until now, it hasn't been easy keep- 
ing up. Even though we've already 
delivered over 20,000 units. 

But it's no surprise demand is high. 


For several reasons: Transfer rates 
are 5 MBytes per minute. Mounting 
requirements are the same as for 
floppies. Power consumption rates 
are low. Read while write capability 
with data reliability equivalent to Win- 
chester drives. And prices for OEM's 
start at 4rd Winchester costs. 


Our new plant, new tooling and new 
highly automated production lines 
mean delivery is now. All 11 models. 
So there's no reason to hesitate, you 
can get all the backup you need from 
the home ofthe range. Justtell us your 
application. 


Our new 10 and 20 MByfte cartridge 
drives are a match for 8" and 14" 
Winchester drive systems. 


Plus, cartridges are easy to | re ELECTRONICS 


handle and store. So just about INC. cai (714) 4527840. Telex 69-7118 
anybody can operate our drives. write 10150 Sorrento Valley Road, San Diego, California 92121 


DE} is a registered trademark of Data Electronics Inc 
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We have the fastest circuits 
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Our latches, flip- 
flops and counters 
are unsurpassed 
for speed and low- 
power requirements. 


Fairchild’s new FAST 
devices are fast 
being designed 
into more 
and more logic 
systems. That's 
because they 
clock in with the 
fastest times and 
some of the lowest 
power requirements in 
TTL history. 


Our speedy specs. 
LATCHES 

74F373 and 74F533 
(inverted output version) 
3-state transparent octal 
latches 

Setup time 

Hold time 


Data-to-output propagation 
delay. .74F533—9 ns max 
74F373—6.5 ns max 
loc. . 74F533—61mA max 
74F373—55mA max 


across the board. 


FLIP-FLOPS 

74F374 and 74F534 

(inverted output version) 

3-state octal D-type flip- 

flops with common Clock 

and Output Enable 

Toggle 

frequency... 110 MHz typ 

Setup time 

Hold time 

Clock-to-output prop- 

agation delay ... 9ns max 

Enable time ...10ns max 
86 mA max 


Both our 3-state 
latches and flip-flops 
contain a patented 
output structure 

for easier bus 
interface 
and 
design. 


MTN 
/) \\ 
\ 


ay o 
\ - 
mm, 


COUNTERS 

74F 190 Series high-speed 

up/down counters 

Count 

frequency. .. 130 MHz typ 
38 mA typ 


Clock-to-terminal 
count delays 
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This series of counters 
offers virtually twice the 
count frequency and less 
than one-third the power 
requirements of their 
Schottky counterparts. 

All of this FAST talk adds 
up to just one thing. If you 
want a faster, more efficient 


system, call your local 
Fairchild sales office, 
representative or distribu- 
tor. Or write to FAST, 
Fairchild Semiconductor 
Products Group, P.O. Box 
880A, Mountain View, 
California 94042. Tele- 
phone: (415) 962-FAST. 
TWX: 910-379-6435. 


Fairchild Camera and Instrument Corp 


search mask. Search for modification 
involves the entire data volume. When 
using the I/O mask, the display shows 
the actual records that were located. 
These can be modified by overwriting 
the original data. When using the 
search mask, the display shows only 
the number of records that were 
located. The search operation may be 
continued at will; after termination, 
one record after another is displayed 
for modification. 

The 1/0 mask is used to display data 
on both the screen and the printer. 
Whereas the screen can display only 
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one record at a time, the printer out- 
puts each record with the entire mask. 
If needed, data can be displayed in a 
table either on the screen or on the 
printer. All data manipulations except 
data modification are carried out in a 
loop whose operation is always based 
on those records that were produced 
during the preceding function. 


Access Strategy 


Because access to the floppy disc is 
very slow compared with processing in 
the computer, data manipulation must 


Fig 1 File system software block 
diagram. Mask and its data are 
closely related; changes to mask 


can change its data. Mask pro- 
cessing section defines or 
modifies mask, which can also 
modify or delete associated data. 
Data manipulation section pro- 
vides for data entry, search, sort, 
modify, or display stored data, all 
in accordance with appropriate 
mask 


be implemented with as few access 
operations as possible. In this file 
system, all of the main memory space 
not occupied by the database program 
is used for data buffering and divided 
into two buffers: the data buffer, for 
records that are read and updated, and 
the intermediate buffer, for records 
that are written to or read from the 
buffer file. As many records as possible 
are read from the floppy disc to the 
data buffer when a read job comes in 
from the data base. A processed block 
must be written back to the disc before 

(continued on page 192) 
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/ APPROVED FOR 
SERVICE USE! 


No, this is not a misprint. 
This is the U.S. Navy's 
stamp of approval for 
Librascope’s RD-433 Mass 
Memory Subsystem. 


the RD—433 Militarized Mass Memory 


has been granted official Approved for Service Use 
(ASU) by the U.S. Navy. ASU means that the 
equipment is fully qualified, and assures the avail- 
ability of logistics, software, and training support 
within the Navy. Extraordinarily reliable, the 
RD-433 is operational in the TACINTEL system 
aboard Naval ships at sea. TACINTEL is one of the 


Librascope 


a division of The SINGER Company 


largest communication systems in the Fleet Satellite 
Communications program. Other equally reliable 
Librascope Militarized Mass Memory Subsystems 
are used in the Navy’s TRIDENT Integrated Radio 
Room and BOR-24 Sonar Systems, and on the 
U.S.C.G’s WMEC-270 Cutter for command and 
control. 


833 Sonora Avenue, Glendale, California 91201 
Tel: (213) 244-6541 e TWX 910-479-2266 
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MENU FOR DATA HANDLING 


SEARCH 
WITH SEARCH MASK : 
WITH 1/0 MASK : 


SORT — WITH SORT MASK: 


DISPLAY WITH1/0 MASK : 
OUTPUT WITH TABLE: 


MODIFY 
SEARCHING WITH SEARCH MASK : 
SEARCHING WITH 1/0 MASK: 


END OF DATA HANDLING: 


Fig 2 Data handling menu. Function selection deter- 
mines mask and—except in case of modify func- 
tion—initiates loop that will terminate only when END is 
marked in selected mask. Loop processing is always 
based on records selected during previous data handling 
function 


BLOOD DONOR 


NAME: FIRST NAME: 
BIRTHDAY (DDMMYY) : SEX (M/F): 


BLOOD GROUP( ABO): RHESUS FACTOR: 
Vel (P/N): DUFFY: Mg(P/N):  MNSs: 
Wra(P/N): LEWIS: P (P/N): KELL : 
Xga(P/N): KIDD : LUTHERAN: 


DATE OF DONATION (DDMMYY): 
NUMBER OF PRESERVE (LAST): 

NUMBER OF DONATIONS: 
PATHOLOGICAL RESULTS: 


Fig 3. Typical I/O mask. Blood bank application mask 
allows entry of new data or modification of existing data 
by overwriting original entry. When I/O mask is used dur- 
ing search function, records whose data match mask en- 
tries are flagged for processing during next data han- 
dling function 


the next block can be read. Write jobs are actually 


entered. The aspect 


END(E)/ HELP ASPECT NAMES (H): 
SEARCH MASK 


ASPECT NAME : 
OPERATOR (= .<,>,#)! 
ASPECT VALUE: 


COMBINATION (AND/OR): 
ASPECT NAME : , 
OPERATOR (= ,<,>,#): 
ASPECT VALUE: 


COMBINATION (AND/OR ): 
ASPECT NAME : 
OPERATOR (= .< >, #): 
ASPECT VALUE: 


Fig 4 Typical search mask. Linked search jobs can 
check for up to three independent match conditions. 
Each search function designates one aspect name, one 
criterion operator, and one aspect value. Following 
search, records that were located are buffered for subse- 
quent processing 


END (E)/ HELP ASPECT NAMES (H): 
SORT MASK 


ASPECT NAME: 
COMPARE FROM SIGN: _ TO SIGN: 
ORDER ASCENDING: OR DESCENDING: 


ASPECT NAME: 
COMPARE FROM SIGN: _ TO SIGN: 
ORDER ASCENDING: OR DESCENDING: 


ASPECT NAME: 
COMPARE FROM SIGN: _ TO SIGN: 
ORDER ASCENDING: OR DESCENDING: 


Fig 5 Sort mask. Designating up to three different 
criteria, sort functions effect linkage only if preceding 
criterion produced exact match 


tent operator prompting by masks and 


are similarly executed. The records are 
stored in the buffer, and when the buf- 
fer is exhausted, the entire block is 
written to the floppy disc. 

As the heart of the file system, the 
mask catalog contains the names of all 
masks defined in the system, and each 
entry has three files assigned to it: a 
mask file, an aspect catalog file, and a 
record file. When a new mask is 
created, its name is entered into the 
mask catalog at the time the mask file 
and aspect catalog entry are created. 
The record file is generated when data 
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catalog, containing the aspect names 
and the corresponding aspect value 
lengths, determines the structure of 
the data records. The record lengths 
are fixed; the arrangement of the 
records in the file is linear, and the 
fields within a record, which, by defini- 
tion, have the same length in all 
records, are determined by the value 
lengths. 

In developing the file system, em- 
phasis was placed on easy to learn 
operator interaction. This ease of 
handling is achieved through consis- 


menus, and because the operator need 
not be concerned with the details of 
file management. 


Please rate the value of this 
note by circling the appro- 
priate number in the “Com- 
ments” box on the Inquiry 


Card. 


High 707 Average 708 Low 709 
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THE NEW PRIMARY SOURCE 
FOR 16K DYNAMIC RAMs. 


Toshiba offers 16K Dynamic RAMs in 
all three speeds: 150, 200, and 250 nano- 
seconds. And our actual customer rejec- 
tion rate is well below Mo of 1%. 

But that’s nothing new. Toshiba’s rep- 
utation for quality has been well-known 
for years. 


oy 


For that matter, so has our reputation Like NMOS and CMOS static RAMs, 
for quantity. And now we've got more EPROMS, and microprocessors. 
to back it up with than ever before. Remember. re 
We've got a new manufacturing plant We don't plan on being a 
in Sunnyvale, California. And the capac- _ primary source by offering 
ity to deliver a wide variety of memory _ second-rate service. 
and microprocessor products. Send for your free “Memory and Microprocessor Product Guide” 


TOSHIBA AMERICA, INC. 


2151 Michelson Drive, Suite 190, Irvine, CA 92715 (714) 955-1155 
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Color graphics with 


TECH BRIEFS an important plus: 


An international network of ISC 
sales representatives and factory- 
trained service centers. 


2 AL: W. A. BROWN INST. 205/883-8660, AR: (TX) USDATA 
Bi na ry to Mi a n chester t ncode rs Engi. 214/661-9633, AZ: BFA Corp. 602/994-5400, 
CA: Thorson Co. So. Ca.; Alhambra 213/281-2280, Goleta 

805/964-8751, Irvine 714/557-4460, Los Angeles 213/ 
476-1241, Thorson Co.; San Diego 714/292-8525, Jay 
Stone Assoc.; Los Altos 415/948-4563, No. Ca. Service 
Ctr. 408/732-4502, CO: PAR Assoc. 303/371-4140, CT*: 


i i i i j i i J&J Assoc. 203/624-7800, DE: (PA) Denco Data Equipt. 
Two circuits allow easy interface of flight simulators with air craft 315/542-9876, BE": (VA) Intron Corp. 703/569-1502. FL: 
communications equipment W.A. Brown Inst.; Ft. Lauderdale 305/776-4800, Melbourne 


305/723-0766, *Orlando 305/425-5505, Tallahassee 904 / 
878-6642, GA: W. A. Brown Inst. 404/455-1035, HI": 
Thorson Co. 808/524-8633, ID: PAR Assoc. 801/292-8145, 
IL: (No.) Resource Data Sys. 312/564-5440, (So.) Digital 
Sys. Sales 816/765-3337, IN: Resource Data Sys. 312/ 
546-5440, IA: (MO) Digital Sys. Sales 816/765-3337, (IL) 
Scott Co. Only, Resource Data Sys. 312/564-5440, KS: 
(MO) Digital Sys. Sales 816/765-3337, KY: Lowry & Assoc. 
606/273-3771, LA: W. A. Brown Inst. 504/626-9701, ME: 
(MA) J&J Assoc. 617/729-5770, MID: (VA) Intron Corp 
703/569-1502, MA: J&J Assoc. 617/729-5770, MI*: Lowry 
ls + 0.1% (AVG) & Assoc.; Brighton 313/227-7067, Grand Rapids 616/ 
363-9839, MIN: Dytec No. 612/645-5816, MS: (AL) W. A. 
Brown Inst. 205/883-8660, MO: Digital Sys. Sales 816/ 


ofr frfofofofr |r] oft  tocic stares 765-3337, MT": (CO) PAR Assoc. 303/355-2363, NB: 
(MO) Digital Sys. Sales 816/765-3337, NIM: (MA) J&J 

+ VOLTAGE Assoc. 617/729-5770, NJ: (No.) Tech. Mktg. Assoc. 

201/224-6911, (So.) (PA) Denco Data Equipt. Corp. 215/ 

— VOLTAGE 542-9876, NM: BFA Corp., Albuquerque 505/292-1212, 


Las Cruces, 505/524-9693, NW: (AZ) BFA Corp. 602/ 
994-5400, NY: Naco Elect. Corp., Fairport 716/223-4490, 
No. Syracuse 315/699-2651, Utica 315/732-1801, Metro/LI, 
(NJ) Tech. Mktg. Assoc. 201/224-6911, NC: W. A. Brown 
Inst. 919/683-1580, NID: (MN) Dytec No. 612/645-5816, 
OH: Lowry & Assoc., Cleveland 216/398-9200, Dayton 
513/435-7684, OK*: (TX) USDATA Engrg. 214/661-9633, 
OR: Thorson Co. 503/644-5900, PA: (E) Denco Data 
Equipt. 215/542-9876; Lowry & Assoc. 412/922-5110, 
Ri: (MA) J&J Assoc. 617/729-5770, SC: W. A. Brown Inst. 
803/798-8070, SB: (MN) Dytec No. 612/645-5816, TIN: 
W. A. Brown Inst. 615/482-5761, TX: Austin USDATA 
Engrg. 512/454-3579, “Dallas 214/661-9633, *E! Paso 
(NM) BFA Corp. 505/524-9693, *Houston USDATA Assoc. 
a peers UT: *PAR ce 801 Pgs VT: (MA) 
J&J Assoc. 617/729-5770, VAs Intron Corp. 703/569-1502, 
BIPHASE LEVEL (MANCHESTER ID WA: Thorson Co, 206/455-9180, WV: (PA) Lowry & Assoc. 
LOGIC 1 REPRESENTED BY 10 TRANSITION 412/922-5110, Wis (IL) Resource Data Sys. 312/564-5440, 
LOGIC 0 REPRESENTED BY 01 TRANSITION WY: (CO) PAR Assoc. 303/355-2363 


*Service contract available in these cities plus San Fran- 
cisco, Ca. Consult factory for additional information 


INTERNATIONAL DISTRIBUTORS 
EUROPE: Techexport, Cambridge, MA 617/661-9424, 


4 : , ‘ ' : BELGIUM: Noron S.A., Brussels 02-24236-04, DEN- 
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. é . Ss opienz, 4 : Tet) 
TTL in low power configuration that chester format, and then transmitted Equipt.; Melbourne 03-543-2077, Canberra 58-1811, Sydney 
: : : 02-808-1444, Brisbane 07-350-2611, NEW ZEALAND: 
consumes only 2.6 W. serially along a 71-2 twisted shielded Anderson Digital Equipt.; Wellington 644-985, Auckland 
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Need advice 

On CO lor e Z 

graphics? 
CalliSC’s 

toll-free 

hotline. 


Make 1980 the year to improve your system with ISC’s 
color graphics. You'll see the many advantages our ter- 
minals and desktop computers have over ordinary black- 
and-white models, because color conveys information 
faster and more effectively. ISC’s color systems sell at 
black-and-white prices —starting at under $1,500. That's 
why ISC is the world’s largest supplier of color graphics, 
with over 15,000 systems already in use. 

If you're wondering how to update your system with 
color graphics, call 800-241-4310 and ask for Tom 
Landry, our System Support Manager. He'll give you the 
technical advice you need to make your conversion to 
color incredibly smooth. Or call your nearest ISC sales 
representative for a personal, “hands on” demonstra- 
tion. Either way, you'll find out what our customers 
have known since 1973: 


Color | 
Communicates 
Better 


Intelligent Systems Corp., 


In €* 225 Technology Park/Atlanta = Norcross, Georgia 30092 
* Telephone 404/449-5961 = TWX 810-766-1581 


Unretouched photos of screens 
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Compatible Connectors 

e —55° to +150° C range e 30V DC UL voltage 
ratings ¢ Phosphor-bronze (gold-over-nickel 
plating) contact materials e U-contact (double 
action IDC) on all IDC connectors e 
Solvent-resistant glass-filled PBT housings ¢ UL 
recognized 94\V-0 


Card Edge Connectors 


e .100” (2.54mm) contact spacing 
e Bifurcated contacts e Many 
diversifications (10 to 

60 pins; with 

ears, half ears or 


without ears; and with ie 
or without strain relief) ss 


Discover Bele 
World of lat C 


Quality Flat Cables 


e Round conductors, (solid, stranded, or unistrand) 
e Bulk and precut, prestripped jumper cables e 
PVC solid or color-coded laminations e 
Compatibility with all major makes of connectors e 
Passes VW-1 Vertical Flame Test 


D.I.P. Connectors 


e Plugs into IC sockets or can 
be soldered for permanent 
connections e Low- 

profile installa- 

tion on PC 

board e Many 
diversifications (14, 

16, 24 and 40 contacts) 


Vari-Twist™ 

Flat Cable 

e .050” (1.27mm) spacing e 5 
to 32 pairs e Adjacent pairs 
have opposite lays e 
105° C temperature 
rating ¢ 300V voltage 
rating 


Headers 


e 100” (2.54mm) spacing 

e Gold-plated contact e 

Solder-plated terminal e ti 

Flex lock/eject hooks e j 
to 60 pins e € 

Wire-wrap/straight/right 

angle 


You can search far and wide, but you won’t find a 
better line of Flat Cable and Connector Systems than 


Belden cable and connectors are designed for total 
compatibility —that’s why we call them “systems.” 
And that’s also why you can count on them for fast, 
easy, dependable mass terminations. 


: Every cable, connector and assembly tool is built to 
Belden’s exacting quality standards. It’s the kind of 


quality that keeps your total costs down to earth. 


And, of course, all these quality products are backed 
by Belden’s famous full service. Whether filling an 
order or providing custom and value-added flat cable 
products, we go the extra mile to serve you better. 


For more information on Belden’s great New World 
of Flat Cable and Connector Systems, write: Belden 
Corporation, P.O. Box 1980, Richmond, IN 47374. 
Phone: (317) 983-5200. 


Rainbow Flat Cable 

e .050” (1.27mm) spacing e 10 
to 64 conductors, 28 AWG 
stranded e 105° C 
temperature rating e 
300V voltage rating e 
UL style number 2884 


Socket Connectors 


e 100” (2.54mm) spacing e 
Double cantilever contact e 
10 to 60 pins e Closed-end/ 
through-end e 
Dual-beamed contacts e 
Polycarbonate strain 

relief 


Bonded Flat Cable 
e 10 to 30 conductors e 22, 24 
and 26 AWG stranded e 80° C 
temperature rating e 
300V voltage rating e 


UL style number 2697 y 


Low-profile Socket Connectors 


e .100” (2.54mm) contact spacing 
e Double-cantilever 

contact e Bottom-entry 

contact e 

Dual-beamed 

contacts e Many 

diversifications 

(10 to 60 pins) 


) BELDEN}© 


Coming through... 


with new ideas for moving electrical energy 
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Laminated Flat Cable 
e 050" (1.27mm) spacing e 10 
to 64 conductors, 28 AWG 
stranded e 105° C tempera- 
ture rating ¢ 300V 

voltage rating e UL , ““ 
style number 2651 Oe el 


P.C.B. Transition Connectors 


| For reliable permanent PC 

board connections e 

1.6 mm (1/16’) 

standard ae 

thickness of Oe 

PC board e Many : i 
diversifications 8-6-0 
(10 to 60 pins) 


A) 1QRN Raidan Carnnaratinn 


This is 3M’s HCD-75 High Capacity Data Cartridge 
Drive. And the reason it’s as intelligent as a computer is 
because it thinks like one. 

You see, unlike other back-up systems, the HCD-75 
is interfaced directly with the primary system by means of 
sophisticated, microprocessor electronics. When the host 
computer has data to feed, the HCD-75 starts auto- 
matically. When the host computer stops, it does too. And 
since the HCD-75 also positions to any location, it not 
only saves tape cost, but retrieval time as well. 

Of course, the use of 

microprocessors allows the HCD-75 
to perform a number of other 
time-saving functions, too. Like 
block replacement, so you can 
easily correct errors or change 
files which need updating. And 
fast random access, which makes 
it useful both as an I-O device or ; 
as a Storage unit for low-usage files. 
All of which relieves the host computer 
from difficult timing and formatting 
problems. 

What's more, the HCD-75 features 


state-of-the-art error detection and correction capabilities. 
Even when the system is off-line, self-test diagnostic 
routines monitor its performance. And, combined with 
each of its $32.50 high-capacity cartridges, the HCD-75 
provides a full 67 megabytes of formatted user in- 
formation (144 mbytes unformatted). So costly operator 
interventions are sharply reduced. 
If you're looking for a reliable, cost-effective solution 
to the problem of disk back-up, the HCD-75 
High Capacity Data Cartridge Drive is 
the system you should be thinking about. 
Not only has a lot of thinking 
gone into it. But a lot of thinking 
comes out of it, too. 

For more information, 
check the listing on the next 
page for the representative 
nearest you. Or write: Data 
Products Division/5M, Bldg. 

223-5E/3M Center, St. Paul, 
MN 55144. 


THE BACK-UP SYSTEM 
THAT’S SUDDENLY WAY OUT FRONT. 


5M DATA PRODUCTS 
REPRESENTATIVES 


Data Products/3M 
3M Center, 223-5E 
St. Paul, MN 55144 
612/733-8892 


WEST 


Hefte Industries, Inc. 
Los Gatos, CA 
408/264-8319 


CTI Data Systems, Inc. 
Long Beach, CA 
213/426-7375 


P.A.R. Associates 
Denver, CO 
303/355-2363 
PSI Systems, Inc. 


Albuquerque, NM 
505/881-5000 


MIDWEST 

OASIS Sales Corporation 
Elk Grove Village, IL 
312/640-1850 


Carter, McCormic & Pierce, Inc. 


Farmington, MI 
313/477-7700 

The Cunningham Co. 
Houston, TX 
713/461-4197 


Cahill, Schmitz & Cahill, Inc. 
St. Paul, MN 55104 
612/646-7212 


EAST 


J.J. Wild of New England, Inc. 
Needham, MA 

617/444-2366 

Wild & Rutkowski, Inc. 
Jericho, Long Island, NY 
516/935-6600 

COL-INS-CO., Inc. 

Orlando, FL 

305/423-7615 


Technical Sales Associates 
Gaithersburg, MD 20760 
301/258-9790 


TECH BRIEF 


Digital Phase Shifter 


Wide range phase shifter employs simple circuitry 


~ 


wo 
<= 


MONOSTABLE 
MULTIVIBRATORS 


7402 QUAD 
NOR GATES 
(A, B, C, D) 


JK FLIPFLOP 


cc---- 
* 


Configuration for 20-Hz input signal. Other values may be chosen to 
suit any input frequency within operating range of integrated cir- 
cuits. Phase shifts closer to 0° can be obtained by using smaller 
capacitor, and those closer to 180° by using larger capacitor. 
However, these shifts are accomplished at sacrifice of range 


Phase shift of a digital input may be 
varied over the approximate range of 
15 to 165° with the circuit shown. Only 
TTL ICs and a single 5-V power supply 
are required. 

One monostable multivibrator is 
triggered on the leading edge of the in- 
put signal; the‘other is triggered on the 
trailing edge of the input signal. A 
flipflop is toggled on the trailing edge 
of a clock pulse generated by ORing 
the two monostable outputs. Thus, the 
output of the flipflop is a replica of the 
input signal delayed by the on time of 
the monostables. The on time may be 
varied by adjusting the two ganged 
potentiometers. 

Advantages of this system are a wide 
range of control and good stability pro- 
vided by relatively simple circuitry. 


Note 


This work was done by Murray G. 
Perry of Vought Corp for Langley 
Research Center, Hampton, Va. No 
further documentation is available. 


This document was prepared under the 
sponsorship of the National Aeronautics 
and Space Administration. Neither the 
United States Government nor any person 
acting on behalf of the United States 
Government assumes any liability resulting 
from the use of the information contained 
in this document, or warrants that such use 
will be free from privately owned rights. 
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TECH BRIEF 


Versatile Digital Signal Processor for dc-dc Converters 


DSP works in unison with all types of power circuits 


and analog controllers 


A digital signal processor for de-de 
converters processes all incoming 
signals and transmits the correct out- 
put signal to operate the power switch. 

A major problem with existing 
switching regulator technology is lack 
of reliability. One means to increase 
reliability is to employ circuit tech- 
niques to limit, instantaneously, the 
electrical stresses in all power pro- 
cessor components. Existing regu- 
lators often lack this limiting function 
and rely on generous derating of all 
power components to achieve reliable 
operation. This subjects the regulator 
to uncontrolled transient stresses and 
is impractical today when the prevail- 
ing trend is toward higher power. The 
digital signal processor (DSP) limits 
power component stress instantaneous- 
ly to maintain reliable and predictable 
transient operations. 

A dc-de converter must be 
oscillatory because of the finite flux 
capability of its inductive elements. 
The converter control system must 
therefore provide the proper discrete 
time intervals in controlling the on/off 
function of the power switch. For tim- 
ing implementation, the various means 
of duty cycle control include (1) con- 
stant “‘on’”’ time T,, variable ‘‘off”? 
time T,, (2) constant Ty, variable T ,, (3) 


state changes as a result of various in- 
put control signals. The oscillator pro- 
duces signals to set timing constraints 
for various duty cycle operations. Con- 
trol gates are used to gate logic 
signals. The power/control interface 
maintains electrical compatibility be- 
tween the control circuit and the base 
drive of the power switch. 

The processing of digital signals is 
explained by reference to key points 1 
through 12 in the Figure. Signal 9 is 
logical | if and only if the dce-converter 
output voltage is less than the 
regulator reference. This condition is 
equivalent to no regulator action. 
When signal 9 is logical 1, the blocks 
in the Figure (except for the power in- 
terface blocks) combine to form a 


CONTROL 
GATE 1 


freerunning oscillator. Oscillating fre- 
quency depends upon whether signal 
10 is logical 1 or logical 0. Signal 10 is 
defined as the peak current protection 
signal and is logical 1 when the induc- 
tor current is less than the predeter- 
mined peak protection current. 

When the DSP receives the converter 
“‘on’’? command, a few cycles of cur- 
rent buildup must occur before the 
peak current in the energy storage in- 
ductor reaches the predetermined pro- 
tection level. During this time of 
buildup, signal 10 is logical 1, and the 
time delay T,, is not actuated by the 
peak current sensor. The oscillating 
frequency of this DSP is 1/(T,, + T,,), 
where T, is “‘on’’ time and T,, is 
minimum “‘off’’ time of the converter. 


(MINIMUM OFF) 


POWER 
INTERFACE 


MEMORY 


constant (T,, + T), variable T,, and T,, 
and (4) variable T,,, Ty, and (T,, + Tp. 
Basic building blocks of the DSP con- 
sist of isolator, time delay, memories, 
oscillator, control 
power/control interface. 
The function of the isolator is to pro- 
vide control circuit input/output isola- 
tion. Time delay is used to effect 
proper duty cycle control during either 
steady state or transient operations. 
Memories are used to effect logical 


INPUT/ 
(ON TIME) OUTPUT 


ISOLATION 


gates, and PEAK REGULATOR ON/OFF 
CURRENT 


OVERVOLTAGE, 
UNDERVOLTAGE 
OVERLOAD 


Digital signal processor. Utilizing constant Thy, it improves switching 
regulator control in two major ways: (1) by performing different modes of 
duty cycle control to achieve flexibility and standardization, and (2) by 
limiting power component stress instantaneously to enhance regulator 
reliability 
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These time intervals are coupled to the 
base drive circuit to control the power 
switch through the power interface 
block. Also, during this time of (peak 
current) buildup, the output voltage is 
less than the regulator reference so 
that signal 9 remains logical 1 
throughout. 

The time required for peak current 
buildup is less than that required for 
output voltage buildup. Thus, when 
the time of peak current buildup has 
ended, signal 10 becomes logical 0 in 
each cycle before T, is timed out, 
while signal 9 remains at logical 1. 
Time delay T,, is activated, T, is 
shortened to T,, and T,, is replaced 
by T,, 2 T,,. The oscillating frequency 
during this interval of output voltage 
buildup is 1(T', + T,). 

Eventually, the converter reaches its 
intended regulation level. Signal 9 
becomes logical 0 in each cycle as the 
output voltage intersects the voltage 
reference. The circuit design ensures 
that the inductor current remains 
below the peak current protection level 
at all times so that signal 10 is always 
logical 1. Minimum “‘off’’ time T,, is 


disabled and ‘‘on’’ time becomes T,, 
while “‘off’’ time is increased to Ty. 
Oscillating frequency in steady state is 
thus 1(T,, + T9. 

The converter on/off command 
signal and the converter shutoff signal 
are processed by the power interface 
block. These signals respond either to 
external command or internal protec- 
tion for the initiation or termination of 
the converter operation. A logical 0 in- 
put always terminates the operation, 
and reset is required before restart. 

Because of the latching function 
associated with the overvoltage, under- 
voltage, and overload shutoff, these 
signals are normally processed by 
another memory block before entering 
the power interface. This is different 
from the peak current signal and the 
regulator signal, which are required to 
exhibit both logical 0 and logical 1 
cyclically. Consequently, the regulator 
signal 9 and the peak current signal 10 
are generally obtained from a 
threshold detector. 

A constant frequency DSP can also 
be developed by using some of the 
basic building blocks of the constant 


ee » ie] 


on’’ DSP by processing the same 
signals. By utilizing an oscillator to de- 
fine a constant ‘‘on’’ time plus “‘off”’ 
time, the regulator signal determines 
both T,, and T;. The time delay block 
T,, is thus eliminated. Furthermore, 
because of the availability of essen- 
tially the entire period as the time 
delay following an excessive peak cur- 
rent detection, time delay T, can also 
be eliminated. Excluding these blocks 
along with their control gates results in 
a simple constant frequency DSP. 


Note 


This work was done by John L. Biess, 
Leonard Y. Inouye, and Yuan Yu of 
TRW, Inc, for Lewis Research Center, 
Cleveland, Ohio 


This document was prepared under the 
sponsorship of the National Aeronautics 
and Space Administration. Neither the 
United States Government nor any person 
acting on behalf of the United States 
Government assumes any liability resulting 
from the use of the information contained 
in this document, or warrants that such use 
will be free from privately owned rights. L) 


IGD - Interactive “‘Grafic”’ Digitizer. . from $9865 


(User Programmable) 


11°°x 17" Tablet 
.001°’ Resolution 


16-Button Stylus or Cursor Dual Mini-floppy (320K) 


Graphics CRT (512x256) 96K RAM 


At last, a complete Interactive Graphics Digitizer for your CAD 
application at an unbelievable low cost. GTCO’s IGD unit pro- 
vides all hardware and software required for small to medium 


data base applications. 


The IGD System is designed for entry, display, editing, storage, 
analysis, manipulation, including zooming and windowing of 
graphics data. It includes facilities for optional output devices 
e.g. plotter, printer, modem, etc. It can be used in diverse appli- 
cations — education, research, manufacturing, aerospace, elec- 
tronics, mapping, architectural, medical and others. It can function 
as a stand-alone CAD Graphics Unit or as a graphics preprocessor 


for a large host graphic system. 
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Keyboard/Keypad 
Dual Z80 Micro Processor GTCO’s FORTRAN, GRAFIC 


CA: (408) 996-8493 


8-1/0 Ports 


CAD software. 


GTCO Corporation 


1055 First Street, Rockville, MD 20850 
Telephone (301) 279-9550, Telex 898471 


IL: (312) 257-3282 
FL: (305) 724-2872 London: (0895) 39812 
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Add-in Reliabilit 
Then Relax. 


Our LSI-11* memory systems come 
with built-in ECC (Error Checking and 
Correction) circuitry. So you don’t have to 
worry about expensive service calls, or 
strained relations with customers. Our 
2,500 ECC systems in the field have a 
proven MTBF in excess of 15 years. 


PEBX is the first to protect your 
LSI-11 system from failing RAMs and 
those random alpha particle crashes. 
We've also made protection from power 
outages as easy as hooking up a battery. 

We'll give you from 32 to 256K bytes 
of error-correcting memory that takes 


care of all single-bit errors. Plus a display 
that points to any erring RAM, allowing 
preventive maintenance rather than 
finger-pointing after a system crash. 

So if you’re an OEM and you don't 
want to worry about costly service calls, 
find out about our add-in reliability and 
relax. Contact PEBX toll-free today at 
(800) 538-3112. Within California phone 
(408) 866-7838 for full info on how you 


can get the best 
Ee X 
© BU, 


LSI-11 memory 
501 Vandell Way 


on the market. 
Campbell, CA 95008 
(408) 866-7838 


Finally: LSI—11_ memories with ECC. 


{ 
3 
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*LSI-11 is a registered trademark of Digital Equipment Corporation. 
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The FPS-100 Solution 


EIGHT MILLION FLOATING-POINT 
OPERATIONS PER SECOND 


THE SYSTEM BUILDERS’ CHALLENGE 

Your customers demand quicker results, more throughput, 
higher precision, better resolution, or higher quality output. 
Your challenge: How to offer a significant increase in per- 
formance or capabilities without pricing yourself out of 
the market. 


THE FPS SOLUTION 

If your product uses a general purpose minicomputer for nu- 
merically intensive computations, you should investigate the 
FPS-100. When connected to a mini, the FPS-100 makes a 
low-cost system with supercomputer capabilities. 


[MINT | # SUPER COMPUTER 
== + =F | [JPR aukWel | | 


Performance improvements of more than 200 times are pos- 
sible, depending upon your application. 


EASY TO INCORPORATE 

An extremely high performance real-time arithmetic proces- 
sor designed to crunch reams of data and handle complex 
computational tasks with relative ease ... and at minimal 
cost. The FPS-100 is completely programmable and it’s 
adaptable to a variety of host computers, using either integer 


FPS Sales and Service Worldwide: Boston, Calgary, Chicago, Dallas, Den- 
ver, Detroit, Houston, Huntsville, Los Angeles, New York, Orlando, Ottawa, 
Philadelphia, Phoenix, Portland, San Francisco, Toronto, Washington, D.C. 
International offices: Geneva, London, Munich, Paris, Tel Aviv (Eastronix, 
Ltd.), Tokyo (Hakuto Co. Ltd.) 


or floating-point formats. It executes up to 8-million floating- 
point operations per second with 8-decimal digits of precision 
... Satisfying most applications. 


EASY TO USE 

We make the: FPS-100 easy to use with two FPS-100 Resi- 
dent Real-Time Operating Systems, and comprehensive de- 
velopment software such as a special FORTRAN 
Cross Compiler, Assembler, Simulator, Debugger, General 
Math Library of 250 routines, an Image Processing Library 
and a Signal Processing Library. With these effective tools, 
your investment in development time is minimized. 


THE TREND IS CLEAR 

Discover the FPS-100 solution, as have those OEMs and 
System builders who are leaping ahead of their competitors 
in applications such as CAD/CAM, Image Analysis, Redl- 
Time Signal Processing, Seismic Analysis, and Non- 
destructive Testing. 


Contact your nearest FPS Sales Engineer for more informa- 
tion or call, toll free, Jim Strelchun, FPS-100 Product Manager. 


*as low as $17,899 in OEM quantities. 


FLOATING POINT 
JYoreNvia, INC. 
...the world leader in array processors. 


CALL TOLL FREE (800) 547-1445 
Ex. 4999. P.O. Box 23489 (S 500), 
Portland, OR 97223 (503) 641-3151, 
TLX: 360470 FLOATPOINT PTL 
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4a “The flexibility of the 
AMPM 


ODU system shows that 


AMP engineers really Know what 
they're doing. More important, it 
Shows they Know what fm doing-’ 


We make it our business to know the 
connector end of your business. And 
the AMPMODU interconnection 

system is the outstanding end result. 


AMP engineers appreciate for instance, 
that when you expand your product's 
capabilities, you want to do it witha 
minimum of obsolescence. So they 
designed a truly universal board-to- 
board, wire-to-board and wire-to-wire 
system to give you the kind of design 
flexibility you can grow with. 


The key to this versatility is a unique 
three-dimensional interconnection 
system designed to save board real 
estate like never before, for .100" 


Y/ 


Some facts worth knowing 

about AMPMODU connectors. 

Function: The AMPMODU interconnection 
system is a reliable, inexpensive way to provide 
three dimensional interconnections through a 
unique modular technique employing two mating 
members, posts and receptacles. They fall into 
two general classifications: 

031" x .062" posts and mating receptacles and 
.025" x .025" posts and mating receptacles 
incorporating standard, intermediate and high 
pressure design. Housings are available in a wide 
variety of sizes, styles, and geometries, including 
.100", 125" and .150" centerlines. 


Where to telephone: Call the AMPMODU 
Information Desk (717) 780-8400. 


Where to write: AMP Incorporated, 
Harrisburg, PA 17105. 


AMP and AMPMODU are trademarks of AMP Incorporated. 


centerline or larger packaging. Over 
4,000 header variations are available, 
offering compatibility with other styles 
of AMP connectors and cable, including 
coax, flat conductor and transmission 
types. And now a new insulation 
displacing AMPMODU connector gives 
you the benefits of mass termination 
and compatibility with a broad range of 
wire and cables. 


For more information, write or call 
and ask about AMPMODU, the 
interconnection system designed to 
match your product's evolution. 


AMP has a better way. 


Proven dual cantilever 
receptacle design 


Two insulation 
displacement slots give 


Strain relief prevents d points ofoontact 


degradation of 
termination integrity 


The AMPMODU mass modular 

interconnect system. 

This interconnection system offers the labor and 
cost savings of mass termination technology, 
combined with the time-proven reliability of the 
AMPMODU product family. It is comprised of 
pre-loaded connectors with snap-on covers and 
a full line of mass termination tooling to meet 
virtually all production requirements. Mass 
terminated connectors are available in sizes 
ranging from 6 through 72 positions and can be 
terminated to discrete wire, jacketed cable, 
twisted pair cable, flat conductor cable, and 
ribbon cable. In addition, the housings will accept 
insulation displacing contacts and crimp snap-in 
contacts interchangeably. 


ARAP 
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The Leader 
in color graphic displays 


HARDWARE — The Model 5216 Display Com- 
puter is a dual bus multiple 16-bit 8086 
microprocessor-based system. It can be con- 
figured for requirements from simple alpha- 
numerics to complex graphic and image pro- 
cessing applications. This modular hardware 
design can support multiple independent CRT 
displays. 


SOFTWARE — The 5216 offers comprehensive 
software packages, including programs for 2D 
and 3D, graphics and complex image analysis. 
Also, all software modules are highly inter- 
active through heirarchial list processing. 


AYDIN MK ‘ 


The pioneer and leader in computer graphics 
414 Commerce Drive ¢ Fort Washington, Pa. 19034 


542-7800 « TWX 510-661-0518 


AYDIN CONTROLS 5216 Display Computer — The most powerful 
and reliable interactive graphic system available. 


SYSTEM — Configuration of hardware, soft- 
ware and peripherals to meet your specific 
requirements. 


APPLICATIONS — Use the 5216 for process 
control, command & control, data acquisition 
and distribution, management information, 
CAD/CAM, image processing and much more. 


COST EFFECTIVENESS — Long life cycle, low 
operating costs, high reliability, low power re- 
quirements and modular design for flexibility 
make the 5216 extremely cost effective. 
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MICRO DATA STACK 


COMPUTERS, ELEMENTS, AND SYSTEMS 


MACHINE SPECIFIC PROGRAMMING LANGUAGE 
COMBINES HIGH LEVEL ECONOMY WITH 
ASSEMBLY LANGUAGE VERSATILITY 


Roger C. Camp 
Ames, lowa 50010 
Michael R. Corder 


lowa State University 


Compas Microsystems 


224 SE 16th St, Ames, lowa 50010 


Bicnctix and burdens of using high level languages in 
microprocessors are often different from those of using high 
level languages in larger computers. Principal motives for 
using high level languages in microprocessor applications 
include a high degree of machine independence, ease of 
transporting and upgrading software to run on newer 
machines, and reduced programming cost per byte of 
generated object code. Some of the major deterrents to the 
use of high level languages in a microprocessor environ- 
ment are the relatively inefficient use of storage by compiler 
generated object code, the somewhat slower execution 
speed, and the inefficient use of specific machine features 
such as registers or bits on input/output ports. Many 
microprocessor based systems are produced in large volume 
and therefore cannot tolerate program storage inefficiency. 
For example, when building a product that will sell one 
million units, it is worthwhile to invest thousands of pro- 
grammer man-hours for the purpose of eliminating one read 
only memory unit costing about $15 (when purchased, in- 
serted, documented, supported, maintained, ordered, and 
inventoried). 

A high level language for the 650x family of 
microprocessors, CSL/65 (also available as PL/65 from 
Rockwell International) addresses these software develop- 
ment issues. It has proven to be easy to learn, capable of in- 
creasing programmer productivity, and useful for easing 
software documentation tasks. Although certain microcom- 
puter designs must avoid the small inefficiencies that are in- 


evitable in even an optimized high level language, many 
programs or program segments lack stringent speed and 
size limitations, and for these CSL/65 offers a high level 
language that is both economical and easy to maintain. 
Specifically designed for use on the KIM, SYM, AIM, APPLE, 
PET, and other 650x based microcomputers, CSL/65 does not 
attempt to convince programmers that a more powerful 
architecture is present. Instead, it provides well formed, 
block structured code subject to all of the limitations im- 
posed by its target machine, thereby helping programmers 
make the sometimes frustrating transition from assembly 
language programming to high level language program- 
ming. Also, because it provides many of the language con- 
structs found in ALGOL and Pascal, CSL/65 is a natural 
stepping-stone that can ease minicomputer programmers 
into the hybrid software/hardware environment of 
microprocessor software engineering. Moreover, source pro- 
grams written in CSL/65 are relatively easy to comprehend 
without supporting documentation. Development teams can 
therefore use CSL/65 code segments from previous projects 
almost as they would use assembly language macros. In fact, 
libraries of procedures are beginning to develop. 
Additional characteristics of CSL/65 illustrate criteria that 
should be considered whenever deciding between assembly 
language and any high level language candidate. Its learn- 
ing time is short, typically 8 to 16 hours, even less for those 
skilled in programming other high level languages. Because 
it was designed for a specific machine architecture, it offers 
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an easy transition both from 650x assembly language and 
from other high level languages. Programmer intervention 
at the assembly language level permits greater flexibility 
and manual optimization. Without optimization, CSL/65 
usually generates from 20 to 70% more bytes of object code 
than an equivalent assembly language program prepared by 
an experienced programmer; however, its use increases pro- 
grammer productivity from 200 to 400% over use of 
assembly language. Software optimizers allow direct 
enhancement of the assembly language code; however, 
although the optimizers are quite good, they rarely surpass 
the efficiency of assembly language produced by hand. 

Itself written in a form of high level language, the CSL/65 
compiler is generated through a semiautomatic process that 
will theoretically produce an assembly language version 
capable of running on virtually any host machine. The pro- 
cess begins by supplying a description of the compiler rules 
(its syntax) as input to a software compiler generator. Com- 
piler generator output is assembly language code for the 
host machine on which the compiler will run; this need not 
be one of the 650x target machines that execute code 
generated during compilation. An assembly language driver 
is then combined with the output from the compiler 
generator to construct the complete compiler. For example, 
one version of the CSL/65 compiler runs on a PDP-11 host to 
generate 650x target machine code. 

The compiler generator approach offers several advan- 
tages. Generated compilers are themselves easier to main- 
tain and enhance than compilers written in a more conven- 
tional manner. Also, it is easier to create new versions of the 
compiler capable of running on different host machines 
since this requires only a new driver routine and a change to 
the semantics portion of the compiler generator. In fact, for 
the PDP-11 based compiler just mentioned, the driver was 
itself written in CSL/65. Although the process may seem cir- 
cular, its ultimate flexibility and utility warrant the initial 
compiler development effort. 

A brief description of 650x microprocessor characteristics 
demonstrates the potential of the CSL/65 statement reper- 
tory. This microprocessor family is byte oriented: the 
arithmetic and logic section and the data registers are all 8 
bits wide. Neither 16-bit registers nor double-register opera- 
tions that might be equivalent to 16-bit registers are pro- 
vided. However, the family does provide both pre- and post- 
indexing, which is constrained by the 8-bit index registers 
to a range of 256 bytes. Indirect addressing must be per- 
formed using a 16-bit pointer that resides in one of the 
lowest 128 pairs of bytes within the 64k-byte address space. 
650x microprocessors are very popular for use in consumer 
products, industrial controllers, and intelligent peripherals. 
Various manufacturers offer 650x development tools and 
support components. 

Table 1 lists a representative selection of CSL/65 language 
statements, and Table 2 shows representative forms of the 
versatile assignment statement. Fig 1 shows a complete, 
functional source program as a further means for evaluating 
the language, while Fig 2 presents the assembly language 
output produced by compiling the Fig 1 source, 
highlighting its potential for optimization at the assembly 
language level. 

From a development strategy viewpoint, data structuring 
and register manipulation represent two extremes of a soft- 
ware design effort, one best suited to a high level language 
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TABLE 1 


Partial List of CSL/65 Language Statements 


Statement Function 
DECLARE Reserve named locations or regions 
DEFINE Define external variables 
DATA(W) Define and initialize locations or 
regions 
COMMENT 
PAGE \ Format output 
TAB 
SET BITS Set specific bits 
CLEAR BITS Clear specific bits 
SHIFT BITS Logical shift left or right 
ROTATE BITS Rotate left or right 
PULSE Pulse designated location at 
specified polarity 
CODE Insert assembler language code 
HALT Jump to current location 
WAIT ON BITS _ Wait until designated bits have 
specified polarity 
STACK Push bytes or words (or both) onto 
stack 
UNSTACK Pop bytes or words (or both) from 
stack 
ENTRY Initialize machine state 
CASE Initialize for computed GOTO 
CALL Invoke subroutine 
RETURN Terminate subroutine 
eres ; Structured flow of control 
INC Increment byte or word 
DEC Decrement byte or word 
BEGiN END Define procedure block 
IFF Test condition code bits or named 
register 
TABLE 2 
Typical Assignment Statements 
Statement Function 
B = @C Indirect source 
@B = Indirect destination 
B = #B Immediate byte data 
B = ##C Immediate word data 
B<C 2-byte data 
B = C[N] Transfer Nth byte of array C 
B.S 0 Transfer N bytes starting at C 
BiJ+1].K-1='ABC’ Transfer K— bytes of literal data 
B= A.ANDC Logical operators augment + 
and — 
B[5] = C4] — 
(F-D+3) Parentheses are allowed 
B= 8B + 1 Can increment (or decrement) 


any variable 
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00015 PAGE ‘xxKSORTKK’> 

00025 35 

00035 “ ASCENDING ORDER SORT"; 
00043 + 

O00Ss DEFINE * = $105 “PAGE ZERO"S 
0006% DECLARE Fels TMPs 

00075 ENTRY $2003 


0008s + 

00095 N=N-23 "SET TERMINAL VALUE FOR LOOF "$s 
0010+ F = 15 "SET TERMINATED FLAG*S 

OO11% WHILE F=1 

00125 Os 

00135 Fos 

00143 FOR I=0 TO N 

0015s BEGINS 

00163 IF BCI] * BCI+1] THEN 

QO17% BEGINS 

00183 FH15 TMP=BCI 5 

OO19% BCIJ=BCI+1]5 BE I+11=TMP 3 
002035 ENDs 

002135 END; 

00223 END 

00235 ¢ 


00245 Ni DATA 10% "N IS NUMBER OF SORT ELEMENTS"? 
00255 Bt DATA 23955736228 954939 199 986921 9 G75 

00265 3 

00275 EXIT 


Fig 1 Typical source program. Familiar to 
every programmer, bubble sort algorithm, 
coded here in CSL/65 source language, 
illustrates complete and useful program 


KKSORTHXXK.+66++PAGE 0001 


LINE # LOC CODE LINE 

0003 0000 3 5 
0004 0000 + * ASCENDING ORDER SORTS 
0005 0000 , ; 
0006 0000 > DEFINE x = $10% “PAGE ZEROS 
0007 0000 x=$10 

0008 0010 ¢ DECLARE Fry TMPs 
000? 0010 F K=K+1 

0010 0011 t *=*+ 1 

0011 0012 TMF *=K+L 

0012 0013 § ENTRY $2003 

0013 0013 kO=0 

0014 0013 R1=2 

0015 0013 R2=3 

0016 0013 R3=4 

0017 0013 x=$200 

0018 0200 1s CLO 

0019 O201 AZ FF LOX #$FF 
0020 0203 YA TXS 

0021 0204 ; j 
0022 0204 + N=N-25 "SET TERMINAL VALUE FOR LOOP" 
0023 0204 AL 70 02 LDA N 

0024 0207 38 SEC 

0025 0208 E9 02 SEC #2 

0026 O20A 8D 70 02 STA N 

0027 O200 5 F = 1% “SET TERMINATED FLAG"? 
0028 O20L AP O1 LUA #1 

0029 O20F 85 10 STA F 

0030 O211 5 WHILE F=1 

0031 O211 AS 10 ZZ0001 LIA F 

0032 0213 C9 O1 CMP #1 

0033 O215 FO 03 BEQ &*tS 
0034 O217 4€ 70 02 JMP ZZ0002 
0035 O21A + 0% 

0036 O21A 6 F=Os 

0037 O21A A? 00 LDA #0 

0038 O21C 85 10 STA F 

0039 O2I1E ; FOR I=0 TO N 
0040 O21E A? 00 LIA #0 

0041 O220 85 11 STA I 

0042 O222 CD 70 02 ZZ0003 CMP N 

0043 FO 05 BEQ x*+7 

0044 90 OS BCC *tS 

0045 4C 60 02 IMP Z2Z0004 
0046 5 BEGIN? 

0047 ; IF BOLI) > BEI+13) THEN 
0048 AS 11 LOA T 

0049 A8 TAY 

0050 AS 11 LUA L 

0051 18 CLC 

0052 69 O1 anc #1 

0053 AA TAX 

0054 BD 71 02 LIA ByXx 

0055 DY 71 O2 CMP ByY 

0056 90 03 BCC tS 
00OS7 O#830 AC 46 O02 JMP 220005 


Fig 2 Typical compiler output. Comparison with Fig 1 
shows how compiler produces fairly efficient and well 


XKSORTKX.+4+++PAGE 0002 


LINE # LOC Cone LINE 

00S8 0240 ; BEGIN? 

0059 0240 ; F=15 TMP=BCI13 
0060 0240 A? O1 LOA #1 

0061 0242 85 10 STA F 

0062 0244 AS 11 LDA I 

0063 0246 AA TAX 

0064 0247 BD 71 02 LIA BrX 

0065 024A 85 12 STA TMP 

0066 O024C 5 BCTI=RCL+195 BEI+10=1TMP Ss 
0067 0O24C AS 11 LOA I 

0068 O24E AS TAY 

0069 O24F AS 11 LOA I 

0070 O251 18 CLC 

0071 O252 69 O1 ADC #1 

0072 0254 .AA TAX 

0073 O255 BI 71 02 LDA ByX 

0074 O258 999 71 O2 STA Bry 

0075 O25R AS 11 LUA I 

0076 #O250 18 CLC 

0077 O25E 69 O1 ADC #1 

0078 0260 AB TAY 

0079 0261 AS 12 LOA TMF 

0080 0263 79 71 O02 STA ByrY 

0081 0266 j END? 

0082 0266 5 ENDs 

0083 0266 ZZ0005 

0084 0266 E6 11 INC I 

0085S 0268 AS 11 LIA I 

0086 O26A 4C 22 02 JMP ZZ0003 
0087 0261 2Z0004 

008s O26 5 ENDS 

0089 O260 4C 11 02 JMP ZZ0001 
0090 0270 ZZ0002 

0091 0270 ; j 
0092 0270 * N? DATA 10% *N [S NUMBER OF SORT ELEMENTS"? 
0093 0270 N 

0094 0270 OA +BYT 10 

0095S 0271 9 Bi DATA 239557369 289549 S99 PP BGr 219 G75 
0096 0271 B 

0097 0271 17 +BYT 23955736728 954 SP r9P VBS yr 219 G7 
0097 0272 37 

0097 0273 24 

0097 0274 1C 

0097 0275 36 

0097 0276 27 

0097 0277 63 

0097 0278 S6 

0097 0279 15 

0097 O27A 43 

0098 0278 ; ; 
0099 027K 9 EXITS 

0100 0278 +END 


ERRORS = 0000 «0000» 
END OF ASSEMBLY 


formed assembly language code that is easy to modify or 
further optimize 
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MICRO DATA STACK 


Single-Chip Microcomputer Family and Development 
System Offer Cost-Effective Sizing 


Available in seven sizes, the $2200 fam- 
ily and Phoenix-1 development system 
are said to provide a mix of models 
and features that will aid in cost- 
effective selection of 8-bit microcom- 
puter systems. The n-channel micro- 
computers, recently announced by 
American Microsystems, Inc, 3800 
Homestead Rd, Santa Clara, CA 
95051, include 5-Vdc operation, power- 
down RAM protection, onboard cir- 
cuitry for keyboard decode, direct LED 
display drive, zero crossing detection, 
8-bit programmable timer, two inter- 
rupts, and 50- or 60-Hz operation. ROM 
capacity ranges from 512 to 2048 bytes 
with table lookup capability. 


From 32k to 128k of onchip RAM is 
available in 4-bit nibbles. All bits in 
RAM can be set, tested, or reset. There 
are three to five levels of subroutine 
depending on interrupt usage. A 
power fail interrupt is nonmaskable 
and of highest priority. Two maskable 
interrupts can be generated by the in- 
ternal counter or by software. 

An inexpensive RC network is re- 
quired for the internal oscillator; for 
critical timing applications a crystal 
may be used. Bit serial or byte parallel 
communication protocols can be im- 
plemented. 

Development aids include a screen 
oriented editor for generating user 


Ves STATUS 


Phoenix-1 microprocessor development 
station. System supports 27 microcom- 
puters and microprocessors. Software 
supplied includes a universal editor and 
assemblers with simulators for the AMI 
$2000 and S2200 microcomputers and 
assemblers for the AMI S6800 and S9900 
microprocessors 


source files and full macro capability. A 
software simulator allows software 
(continued on page 214) 


ROMs POR RUN SYNC CLK 


ADDRESS BUS (ROM) 


ADDRESS BUS (RAM) 


AMI’s S2200 family single-chip 8-bit microcomputer architecture. Seven microcomputer sizes and feature set tailoring 
promote cost-effectiveness 
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ILS 


The world standard in software 
for interactive signal processing. 


Over 100 installations worldwide— used by government agencies, 
industry, universities, and private laboratories because it is 
cost effective, powerful, well documented, and quickly installed. 


You liked our first ILS. 
ILS is acomprehensive set of FORTRAN programs 
used to investigate signals and their properties. 
These can be signals such as EMG traces, heart 
sounds, sonar signals, speech sounds, seismic pres- 
sure waves, radar reflections, etc. The ILS programs 
allow data scanning and manipulation, digital filter- 
ing, signal modeling (parameter estimation), spectral 
and cepstral analysis, and pattern analysis/recogni- 
tion. The software operates in an interactive or batch 
mode and makes extensive use of graphics. ILS is 
delivered in source form along with the necessary 
command files to compile and link the system. Docu- 
mentation consists of a Users Guide (which explains 
the programs), a Programmers Guide (which docu- 
ments frequently used subroutines), a Training Man- 
ual, an Installation Manual and Application Notes. 
The first year of maintenance is included inthe price. 


Video Tape Demonstration. 


A full-color video tape, demonstrating some of the 
many ILS capabilities and features, is available. 
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You'll Love our New Version 3. 


A new set of mathematical operators has been added 
to ILS Version 3 to expand its signal processing capa- 
bilities. The software handles both real and complex 
data and supports functions such as: addition, multi- 
plication, magnitude, hard and soft limiting, phase 
wrapping and unwrapping, FFT and inverse FFT, 
autocorrelation, crosscorrelation, convolution, spec- 
tral density, coherence, and moving or exponential 
averaging to reduce variance. New graphics pro- 
grams have been added to display the results. Ver- 
sion 3 also supports an optional set of programs 
which enhance the performance of ILS for those 
who have an array processor made by Floating Point 


Systems, Inc. 


SIGNAL TECHNOLOGY, INC. 


15 WEST DE LA GUERRA e SANTA BARBARA, CA 93101 
(805) 963-1552 « TWX 910-334-3471 


For information 
Call Toll Free 
800-235-5787* 
*Except California, 
Alaska, Hawaii 


Technological leadership. 


New VLSI peripherals for the 
expand opportunities in 


Motorola’s MC6809 has been providing cost- 
effective solutions for advanced systems requiring 
a powerful 8-bit MPU for well over a year. 

Now the M6809 Family of HMOS peripheral 
circuits allows users to make even more effective 
use of this advanced microprocessor, in systems 
from terminals and small business computers to 
process controllers. 

No other 8-bit MPU combines so many out- 
standing features: 

e 500 ns bus-cycle time 

@ Two million byte memory address capability 
(with the MC6829 MMU) 

© Most complete combination of addressing modes 

® Multiprocessing (with the MC6809E) 

e Advanced software-oriented architecture 
with 16-bit registers 

® Minimized code-space requirement 

e Re-entrant and modular code support 

¢ Four high-level languages, including Pascal, 
FORTRAN and MPL, plus assembly language 

® Choice of EXORciser® or EXORset™ 30 
development systems. M6809 USE available for 
in-circuit emulation with the EXORciser 

© Lowest price of any 8-bit MPU with 
high-performance claims. 


Lower software costs. 

Helping keep software costs down must be 
counted as one of the MC6809’s greatest assets. 
Its software-oriented architecture permits 
programmers to spend less time learning, more 
time programming. High-level languages like 
Pascal help keep costs down, too. And with the 
position independent addressing modes of the 
MC6809, standard “Software on Silicon” modules 
can be created to eliminate countless rewritings 
of commonly used codes. 

Architectural advantages, beyond 16-bit 
registers and modern programming techniques, 
add to the versatility and cost-effectiveness of the 
MC6809. Auto-increment and auto-decrement 
addressing modes improve the efficiency of block 
moves and string handling, and extensive stack 
manipulation capabilities make block-structured 
high-level languages a natural. 


The M6809 Family plan for 
advanced systems. 

A whole new family of VLSI peripherals has been 
designed to take advantage of the many powerful 
features of the MC6809, and in turn, to help users 
obtain its full potential in flexible, high- 
performance 8-bit and pseudo 16-bit systems. 

System support for the MC6809 is still supplied 
by the entire complement of MA&800 Family 
peripherals, and several of the higit-;:>rformance 
VLSI peripherals of the 16-bit M6200U Family 
also are directly compatible. 


high-performance MC6809 
advanced 8-bit systems. 


M6809 USE 


EXORciser II 


Micromodule 19 


Coprocessing is easily accomplished with the 
M6809 Family. The new externally clocked 
MC6809E provides the flexibility required for 
multiprocessing: multiple processors operating in 
parallel on the same bus. Unlike some coprocessing 
schemes, with the MC6809E users are not limited 
only to floating point or string manipulations. 

The MC6809 can address two million bytes of 
memory with the MC6829 Memory Management 
Unit, twice that of competing MPUs. And the 
MMU makes multitasking easy. It supports up to 
four tasks per chip, and it’s cascadable for up to 
32 tasks. System reliability is increased with the 
isolation, translation and protection of the MMU. 

IEEE-standard floating point routines run on 
M6809 systems with the MC6839 Floating Point 
ROM. The floating point package is written with 
position independent code, and can be located 
anywhere in memory. It’s re-entrant, so multiple 
tasks can share its routines. 

The MC6842 Serial Direct Memory Access 
Processor is a family addition planned for next year 
to handle high-speed transfer of data and control 
between and among microprocessors and intelligent 
controllers in distributed processing systems. 


The last word in support. 

EXORset™ 30 is Motorola's latest MC6809-based 
development system: a compact, stand-alone unit 
that’s the last word. EXORciser® and EXORterm™ 
systems, and the M6809 USE (User System 
Emulator) are available. And, many users find the 
MC6809-based Micromodule™ 19 monoboard 
microcomputer helpful for system prototyping. 

In addition to assembly language, the MC6809 
supports high-level languages including MPL, 
BASIC, and FORTRAN, with emphasis on Pascal, 
the structured language. Our symbolic debugger 
and a new Realtime Multitasking System (RMSO9Q) 
will help speed the development cycle. 


Innovative systems 
through silicon. 


(AA) MOTOROLA INC. 


ay 
TO: Motorola Semiconductor Products Inc., P.O. Box 20912, Phoenix, AZ 85036. 


| Please send me information on M6809 Family. 

: Name 
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package verification prior to hardware 
integration and an SES 2200 hardware 
simulator provides emulation capability. 

Three models (designated SA22XX) 
perform 8-bit, multiplexed 8-channel 
A-D conversions. One mask optional D-A 
channel is available. A 48-pin package 
is standard for all models. For board 
sensitive applications, a lower cost 
28-pin version is available. 

The development system is 
equipped with a 12” (30-cm) scrolling 
CRT, ASCII keyboard, 48k RAM, three 
mini-disc drives, two RS-232-C ports, an 
AMIX™ fault tolerant operating 
system, a full screen oriented editor, 
and macro assemblers for the $2000, 
$2200 microcomputers, and S6800 and 
$9900 microprocessors. Available soft- 
ware includes Pascal and FORTRAN-77 
and assemblers for the 8080A, 8085, Z80, 
6502, 2650, 6801, 6805, and 6809. 

For system checkout with any 
n-channel EPROM, the manufacturer 
supplies the ARIEL™, standalone or in- 
dependent host computer controlled, 


P/ROM programmer/ROM simulator. 
Realtime emulation with realtime trace 
is attained using DELPHI, the manufac- 
turer’s in-circuit emulator. Software 
and hardware additions can be used 
with other microprocessor develop- 
ment systems. The manufacturer 
claims that the development system is 
one-third the cost of most comparable 
systems. 
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Emulation Board 
Allows Prototyping of 
EPROM Microcomputer 


Functionally and electrically equiv- 
alent to the 8751 EPROM microcom- 
puter, the EM-51 emulation board also 
can be used to develop 8051 and 8031 
microcomputer prototypes. Sockets for 
2716 or 2732 EPROMs that substitute for 
8051/8751 onchip program memory and 
one 2732A 4k x 8 EPROM are included 
with the board from Intel Corp, 
Microcomputer Instrumentation 
Operation, 5200 NE Elam Young 
Pkwy, Hillsboro, OR 97123. 


Outperforms any shockless 
bar on the market. 


Qua 

constructed and competitively 
priced. We also manufacture 
a Reinforced SM Bar with 
strengthened bar channel. 
Available with or without air 
boosts. Also available 

in OEM configu- 
rations, 


U.S.A. 


Call or write for our new catalog. 


Chapman Corp. 


P.O. Box 427 Dept. D 
Portland, Maine 04112 


Phone: (207) 773-4726 
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The 2.75 x 5.25” (6.99 x 13.34-cm) 
board plugs directly into 8751/8051/8031 
sockets without a cable. It includes 
sockets for 2716 or 2732 EPROMs, which 
substitute for the 8051/8751 on-chip 
memory during prototype develop- 
ment. An Intel 2732A 4k x 8 EPROM is 
included with the board. 

Internal addressing, data, and con- 
trol lines are connected through buf- 
fers to the two sockets using a bond- 
out technique. Once onchip memory is 
replaced by the emulation board, 1/0 
ports are free for operation with 
peripheral circuitry. 

A single 4k x 8 or two 2k x 8 EPROMs 
can be selected depending on access 
time and operating frequency re- 
quirements. The board operates with 
either a prototype system crystal or an 
onboard crystal supplied by the user. 
It can be powered from the prototype 
8051 socket, an external 5-V power sup- 
ply, or a combination of the two. 
Jumpers on the board permit selection 
of memory, clock, and power options. 
Within the 8051 family, the 8751 has 4k 
bytes of EPROM, the 8051 has the same 
amount of mask programmable ROM, 
and the 8031 has no onchip program 
memory. 
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CPUs Meet 
MIL-STD Requirements 


Versions of the Z80 8-bit micropro- 
cessor with peripherals and the Z8000 
16-bit CPU conform to MIL-STD-883 
Class B requirements, processed and 
tested according to methods 5004 and 
5005. Operating temperature range for 
the ceramic packaged devices from 
Zilog, 10340 Bubb Rd, Cupertino, CA 
95014, is —55 to 125 °C. 

Operation at a rate of up to 4 MHz 
with minimum 1.0-us instruction exe- 
cution time is possible with the Z80A. 
The 2.5-MHz Z80 operates with 
minimum |.5-us instruction execution 
time. Both CPUs have 158 instructions, 
duplicate sets of general purpose and 
flag registers (16 total), bus request 
and prioritized interrupt request daisy 
chains, and 8080 compatible, non-Z80 
peripheral, and Z80 peripheral inter- 
rupt processing. 

Z80 family peripherals available in 
MIL-STD versions include the Z8420 
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Works Even When the 


Decimal is Really Floating. 


People who say waterproof keyboards cost too 
much are all wet. 

The Datanetics Dataseal™ costs little more than 
unsealed keyboards. Yet, it keeps everything below 
the keycaps bone dry and free from reliability- 
robbing dust and dirt. ; 
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And it can even be extended to provide 
waterproofing for all panel exposed electronics. _ 

What’s more, Dataseal is long lasting, and can 
be custom designed to fit any keyboard layout. 

Put quality at your customers’ fingertips. Call 
Datanetics today. 


IEE Datanetics Corporation 


A Subsidiary of ITT 


10840 Talbert Ave. 
Fountain Valley, CA 92708 
Phone: (714) 549-1191 

TWX: 910-596-1301 
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dual-port parallel 1/0 controller. This 
device has interrupt driven handshake 
on both ports, four programmable 
operating modes, and programmable 
interrupts. Also available are the Z8430 
4-channel counter/timer, Z8440 serial 
1/0 controller with two 0- to 800k-bit/s 
full-duplex channels, 8470 dual asyn- 
chronous receiver/transmitter featur- 
ing programmable stop bit, parity, and 
clock mode options, and Z8410 direct 
memory access controller (DMA). The 
DMA manages CPU independent 
transfers between ports in systems us- 
ing an 8- or 16-bit data bus and a 
16-bit address bus. 
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Multipurpose Bus Line 
System Analyzer 


The AE-4100 series of microprocessor 
system analyzers feature a bus line 
switching system that displays several 
debug functions regardless of the 
hardware and software of the unit 
under test. System analyzers also serve 
as the operator panel of the 
microprocessor allowing read/write 
operations to/from all registers, 
memories, and I/O ports. From Inaba 
Corp, 11060B Artesia Blvd, Cerritos, 
CA 90701, the system analyzers are 
usable in research and development, 
product inspection, diagnosis, and 
maintenance on 8- and 16-bit systems. 
Combinations of 16 function keys 
and 16 numeric keys perform required 
operations. To conduct detailed 
analyses, the analyzer connects to an 
oscilloscope, logic analyzer or other 
device. Waveforms are observable on 
an oscilloscope by REPEAT function 
and RUN, STOP, and STEP functions. 
The series is also available with a 
built-in cassette MT to be used as an I/O 
interface for field testing and 
maintenance. Other options are an I/O 
interface, keyboard printer, and user 
mode RAM. The user mode RAM option 
can set 8k bytes of programmable ran- 
dom access memory into 64k bytes of 
any system address space. 
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Microprocessor I/O Boards 
Offer SS50 and SS50C 
Bus Compatibility 


An 8-port I/O interface board that oc- 
cupies one slot of an SS50 or SS50C bus 
and a 2-port board were recently an- 
nounced by Gimix Inc, 1337 West 37th 
Pl, Chicago, IL 60609. Both 6800/6809 
microprocessor boards feature in- 
dependent ports and _ RS-232 com- 
patibility with handshaking. 

The 8-port serial 1/0 board includes 
DIP switch selectable baud rates for 
each port, extended address decoding 
for the SS50C bus, selectable interrupts, 
and the versatile 6850 ACIA. It is 
available with an onboard baud rate 
generator for baud rates up to 38.4k 
baud. 

Jumper programmable connector 
pinouts for easy cabling, independent 
baud rate, and interrupt jumpers for 
each port, as well as the 6850 ACIA, are 
standard on the 2-port serial I/O board. 
The board is compatible with both the 
SS50 (4 addresses per 1/0 slot) and SS50C 
(16 addresses per slot) bus configura- 
tions. 
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Memory Boards Provide 
64k Bytes of Dynamic 
RAM on S-100 Bus 


Memory boards provide 64k bytes of 
dynamic random access memory 
(memory refresh is transparent to the 
processor) for Z80A, 8080A, and 8085 
microprocessors. Performance specifi- 
cations are operating speed of 4 MHz 
(with no wait states), a 220-ns memory 
access time, and a 400-ns cycle time. 
The SUPERAM 4-Z family from Piiceon 
Inc, OEM Computer Products, 2350 
Bering Dr, San Jose, CA 95112, is op- 
timized for S-100 bus based systems. 

Three versions are available: the 4-Z, 
which is the basic 64k-byte RAM board, 
the 4-ZB with memory selection, and 
the 4-ZBP with a parity bit option for er- 
ror detection, which protects data by 
adding an extra bit to each byte. The 
option detects bit errors and alerts the 
CPU. 


All three boards are organized in 
four 16k-byte blocks. Each block can 
be enabled or disabled by simple 
switch settings. 
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Severe Environment 
Microcomputer Serves 
Industrial Applications 


Offering all features of the MIL-STD 
model but with a narrower operating 
temperature range, industrial rated 
SECS 80/101 withstands severe shock and 
vibration and includes conformal 
coating of PCB components. The 
single-board system is a ruggedized 
counterpart of the Intel iSBC 80/10A and 
is fully compatible with Intel software 
and development systems. 
Environmental operating char- 
acteristics include temperature range 
of —20 to 70 °C, vibration of 5 G, 5 Hz 
to 2 kHz, shock of 15 G, 11 ms, humid- 
ity range of 0 to 95% RH with conden- 
sation, and an altitude range of sea 
level to 70,000 ft (21.33 km). The board 
measures 9 x 6 x 0.5” (22.86 x 15.24 x 
1.27 cm), and weighs 18 oz (0.48 kg). 
Produced by EMM Sesco, 20630 
Plummer St, Chatsworth, CA 91311, 
the board offers up to 8k bytes of on- 
board ROM or P/ROM and lk bytes of 
RAM. Expansion to up to 64k bytes of 
offboard combinations of RAM, ROM, 
and P/ROM is possible and ROM and 
P/ROM can be added in l|k-byte in- 
crements, 
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63 INS 


Bubble Memory Data Terminal 


5 x 7 matrix thermal printhead 
(30 characters-per -second) 


Intelligent data entry 
validation (optional) 

* table look-ups 

* field validation — 
*+,—, x, +, functions 
* branching 


EIA RS-232-C 

or DC-current 

loop interface 

* 110-9600 baud 
transmission speeds 


Extensive file manager, 
editor (standard) 


Full ASCII 
typewriter-like keyboard 


20K to 80K characters 
of nonvolatile 
bubble memory 


factory-trained sales and service 
representatives. 

For more information on the 
763 terminal, contact the TI 
sales office nearest you or write 
Texas Instruments Incorporated, 
P.O. Box 1444, M/S 7784, 
Houston, Texas 77001 or phone 
(713) 937-2016. 
In Europe, write 
Texas Instruments, 
M/S 74, B.P. 5, 
Villeneuve-Loubet, 
06270, France. 


and data verification. The 763 

with its other features and options, 
is a Specialist when it comes to 
quick, accurate data entry and 
transmission. 

Tlis dedicated to producing 
quality, innovative products like the 
Model 763 Bubble Memory Data 
Terminal. TI’s hundreds of thousands 
of data terminals shipped worldwide 
are backed by the technology and 
reliability that come from 50 years 
of experience, and are supported 
by our worldwide organization of 


TI’s Silent 700* Model 763 Bubble 
Memory Data Terminal is ideal for 
remote data capture, and off-line data 
preparation and manipulation appli- 
cations. Storing up to 20 typewritten 
pages of information in its built-in 
nonvolatile bubble memory, the 763 
eliminates the need for more costly 
data storage devices and allows 
users to batch transmit data at their 
convenience. A Data Entry Valida- 
tion option on the 763 provides pro- 
gram execution, file management 
interface, arithmetic operations 


Fifty Years 


fe) 
Innovation 


*Trademark of Texas Instruments Copyright © 1980, Texas Instruments Incorporated 


TEXAS INSTRUMENTS 


We put computing within everyone's reach. 
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Four MC68000 microprocessor develop- 
ment modules, a user system emulator 


(USE), VERSAbus 32k- and 64k-byte 


dynamic memory modules, and a 
VERSAbus adapter module extend 
capacity of the EXORmacs development 
system. Products of Motorola Semicon- 
ductor Products Inc, PO Box 20912, 
Phoenix, AZ 85036, the modules per- 
mit extension of development system 
resources to target system, increased 
memory flexibility, and interface be- 
tween EXORbus modules and VERSAbus. 

Consisting of control module, buffer 
box, and interface cable, the USE 


FULL SPEC 


50-WATT SWITCHING 
POWER SUPPLY FOR 


$115.00 UNI 
QUANTITY 


A handful of compact switching 


of $115! 


t the incredibly low price 


But don't be mislead by price. This is no stripped down, coverless 
pretender that tries to pass as a switcher./™ 


POWER-ONE’S new SD Series is a true high performance switching 
power supply in every sense of the word. It meets-impressive specifi- 
cations while employing the absolute latest state-of-the-art power 
conversion techniques. Yet it’s smaller, lighter, and more.reliable than 


the rest. 


All at a cost that combines affordability with the finest features of 
switching technology. The result is a dramatic new dimension in 


switching power supply value. 


See for yourself. For fast action, write or phone for our new 1980 
Catalog with complete details on the exciting new SD Series. 


Models Chart 


CURRENT 


Power-One, Inc. « Power One Drive « 
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emulator operates at 4 or 8 MHz or 
with an external clock and extends a 
user’s target system. The extension 
provides necessary correction between 
the user’s non-debugged hardware! 
software system and the diagnostic 
power of the EXORmacs. Debug func- 
tions of MACSbug and the symbolic 
debugger, SYMbug, are included along 
with file management and memory 
storage capability of EXORmacs. 

Firmware on the USE control module 
sets up the external user system before 
and during a debug _ session. 
EXORmacs, through the MPU and 
DEbug modules, handles all terminal 
and printer I/O activity on the system 
during USE operation. Under com- 
mand control from USE, the target pro- 
gram is downloaded into user or 
EXORmacs memory, where it can be in- 
teractively exercised by the debug 
systems within EXORmacs. 

The 64k- and 32k-byte memory 
modules, together with the previously 
announced 128k-byte module provide 
both EXORmacs and VERSAmodule 
users with a choice of RAM storage 
elements. Each 32k-byte array block is 
separately addressable via a 10-bit DIP 
switch; nine bits select the base ad- 
dress of each block, and the tenth bit 
selects the primary or secondary map. 
This address flexibility allows place- 
ment of memory in both system and 
user's map throughout the full 
16M-byte range of the MC68000 micro- 
processor. In addition, each block may 
be write protected by hardware. 

Interface between 8-bit EXORbus 
modules and the 16-bit VERSAbus is 
provided by the VERSAbus adapter 
module (VAM). The VAM is provided as 
an option to enable use of various 1/0 
modules, memory, and Micromodules 
designed for the EXORbus. Syn- 
chronous timing and control are 
available to the EXORbus module by 
use of the VAM. 
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Serial (RS-232-C), general purpose I/O 
(parallel), and BCD interface cards plug 
into slots in the back of the HP-85 
desktop computer and provide full 
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For ond c. 


inyour life...live. 


A sleek graceful sailing vessel glides across the sometimes green, é su 
sometimes blue Caribbean. The cargo: you. And an intimate group Ye 
of lively, fun-loving shipmates. 


Uniform of the day: Shorts | Py 
and tee shirts. Or your bikini | 

if you want. And bare feet. Life aboard your big ae ks 
sailing yacht isinformal «, ‘ 


Mission: A leisurely cruise to 
Relaxed. Romantic. 


remote islands with names * 
like Martinique, Grenada, 

Antigua—those are the 

ones you ve heard of. Before 

the cruise ends, you'll * 


There’s good food, 
And ‘grog: And a few 
pleasant comforts... wef 
but any resemblance tp 
to a plush pretentious 2 
resort hotel is 

accidental. 


Spend 6 days 
exploring paradise. . 
Spend six nights watching the moon rise and Wo 
getting to know interesting people. It could be 
the most meaningful experience of your life a’ 
...and it’s easily the best vacation you’ve had. 


A cruise is forming 
now. Your share from 
$400.Write Cap’n Mike 
for your free + 
adventure booklet 

in full color. 8 


know the names of many 
more. You'll know intimitely 
the enchanting different 
mood of each...and its 
own beauty and charm. 


Come on and live. ' 


Windjammer eae Oe iat gis 
Barefoot Guires Windjammer Cruises. | , 
Post Office Box 120 
Miami Beach. Florida 33139 | 
305/373-2090 Name | P 
For Reservations | Adress 
Call Toll Free city State 2p | 
1-800-327-2600 “an | 

| 


P.O. Box 120, Dept. Miami Beach, Florida 33139 


8-Bit Champion 


In price-performance, look to Intel’s powerful iAPX 88 microprocessor 
to leave the pack behind. Both now and down the road. 


In price-performance races, the 
iAPX 88 is the one to beat. It’s two 
times faster than the Z-80A and 
the MC 6809. And recent bench- 
mark tests* show that the iAPX 88, 
with its 8088 CPU, consistently 
outperforms its closest competi- 
tors in memory efficiency, ease of 
programming and throughput—by 
as much as 4 to 1. This is especially 
important in high-performance 
tasks such as block moves, charac- 
ter searches, word shifts, and 
16-bit multiplies. All critical for 
applications like word processing, 
terminal control, scientific 
instrumentation and industrial 
control. 

And because it’s the only 8-bit 


the application, your cost savings 
here can be substantial. 


No contest now with new 
Intel software 
To unleash the new power that 


the iAPX 88 puts in your hands, 


it takes more powerful software — 


can choose the right language tool 
for each application—whatever 
it calls for. 


Get out in front with complete 
development support 

All the development support 
tools you need are ready to go 
today from Intel. Start with the 
Intellec® Microcomputer Devel- 
opment System. Add to that 
our ICE-88™ in-circuit emulator. 
Together they give you CPU emula- 
tion in real time, plus features like 
symbolic debugging, diagnostic 
commands and program trace 
capability. With these tools you'll 
get your products to market faster 
than by any other route. 


Looking down the road 


microprocessor that addresses up to 
1 million bytes of memory, the 8088 
can take on large programs. Without 


Best of all, with the iAPX 88, 


your investment in today’s solution 


having to slow down due to over- 
lays or memory bank switching, 
like other 8-bit processors. 


Tough price competitor 

In price competition with other 
8-bit microprocessors, the iAPX 88 
has become the front runner. 

You save dramatically on 


8080 8085 8088 


1982 


8-Bit Microprocessor Price Trends 


memory chips, too. The iAPX 88 
takes—on the average —30% less 
memory than competitors for the 
same programs. Then too, it allows 
you to use lower cost memory to 
get the same throughput as 
competitors. With a 5MHz 
8088, you can use our 450ns 
memories and still outper- 
form a 4MHz Z-80 requiring 
250ns chips. Depending on 


the kind only Intel delivers today. 
Software that produces object code 
directly and gives you important ex- 
tensions that allow you to fine-tune 
the software to your application. 

Software such as PASCAL-88, 
the block-structured application 
language rapidly becoming the 
one most widely used. With our 
PASCAL-88, you can do direct 
port I/O and interrupt handling, as 
well as independent program 
module compilation. And produce 
code that runs faster than other, 
P-code interpreter versions. 

Along with PASCAL-88, you 
get PL/M-88, our systems imple- 
mentation language, our ANSI- 
compatible FORTRAN, and our 
ASM-88 macroassembler. So with 
more software capability than 
you've ever had before, now you 
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is protected. Since the 8088 is 
100% object-code compatible with 
the 16-bit 8086— plus its future 
generations, the iAPX 186 and 
iAPX 286 —you have the industry’s 
only guaranteed headstart on the 
path to the future. Regardless of 
which language you're writing in. 
So if you want to outdistance 
the pack, choose the iAPX 88 — 
available today from your local 
Intel distributor. To get your copy 
of benchmark results, contact your 
local Intel sales office or distributor. 
For more information write Intel 
Corporation, 3065 Bowers Avenue, 
Santa Clara, CA 95051. Or call 
(408) 987-8080. 
*Benchmark studies were used comparing Intel’s 


iAPX 88 with Motorola’s MC68B09 and 
Zilog’s Z-80B. 


intel delivers 


solutions. 


Europe: Intel International, Brussels, Belgium. 

Japan: Intel Japan, Tokyo. United States and Canadian 
distributors: Alliance, Almac/Stroum, Arrow Electronics, 
Avnet Electronics, Component Specialties, Hamilton/Avnet, 
Hamilton/Electro Sales, Harvey, Industrial Components, 
Pioneer, L.A. Varah, Wyle Distribution Group, Zentronics. 
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Wire Wrapping tools: Manual, battery, electric and pneumatic 
Wire Wrapping bits and sleeves: Wire sizes 18 to 30 AWG(1,00 to 0,25mm) 


Semi-automatic Wire Wrapping machines: Compact bench more systems to large 
floor mounted systems 


Automatic Continuity Test equipment: 0-32,000 points 
Automatic graphic data entry systems for generating N.C. program tapes 
Component Preforming equipment 


Just part of our comprehensive range— want to know more contact: 


OK Machine & Tool Corporation 
3455 Conner St., Bronx, N.Y. 10475 U.S.A. 
Tel.(212) 994-6600 Telex 125091 
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feature I/O control functions. Products 
of Hewlett-Packard Co, 1507 Page Mill 
Rd, Palo Alto, CA 94304, these cards 
expand I/0 capabilities beyond those of 
the company’s HP-IB interface, which 
implements the IEEE 488-1978 standard. 
All interface cards require installation 
of a ROM drawer and 1/0 ROM in the 
HP-85. The I/O ROM provides BASIC com- 
/mands to access card capabilities. It 
snaps into a ROM drawer which plugs 
into the HP-85. 

HP 82939A serial interface provides 
true full-duplex RS-232-C and 20-mA 
current loop communications at data 
rates of 50 to 9600 bits/s. Data formats 
available are 5, 6, 7, or 8 bits/character 
and | or 2 stop bits. Odd, even, one, 
zero, or no parity operation is selec- 
table and a 1-bit switch enables or 
disables automatic handshaking on 
modem control lines. Two 20-mA 
sources are included. Interrupt 
response capabilities are break, fram- 
ing or parity error, received data 
available, auto disconnect, and change 
of modem line configurations. 
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Microcomputer Systems 
Expand Commercial 
Systems Family 


Two microcomputer systems, con- 
sisting of entry level CS/10 models and 
full-feature CS/70 models, run an in- 
teractive version of ANSI-74 COBOL. Pro- 
ducts of Data General Corp, Rte 9, 
Westboro, MA 01581, the systems can 
operate in order entry processing, in- 
ventory control, and general account- 
ing applications, and are additions to 
the company’s commercial systems 
family. 

In the CS/10 system, two models are 
offered. Mod Cl has 64k bytes of MOS 
memory, one display terminal, and a 
choice of 2.4M-byte storage diskette 
system, or 12.5M- or 25M-byte Win- 
chester disc with integral diskette. 
Hardcopy options include 60- or 
180-char/s matrix printers, 55-char/s 
letter quality printer, or 300-line/min 
printer. The CS/10 Mod C3 has 128k 
bytes of MOS memory and can support 
up to three additional displays and two 
25M-byte disc subsystems. 


CS/70 system also offers two models. 
Mod C5 with 256k-byte MOS memory 
supports up to nine display terminals 
and up to four 20M-byte cartridge 
discs. Mod Cé has 512k bytes of MOS 
memory, and can support 17 display 
terminals and up to 250M bytes of disc 
storage. Both models support two 
system printers with speeds from 180 
char/s to 900 lines/min, and both have 
optional 800-bit/in or dual-mode 
800/1600-bit/in magnetic tape sub- 
systems. 
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Z80 Based Micrccomputer, 
Expansion Cards Are 
Multibus Compatible 


The MLZ-90 (2 MHz) and MLZ-90A (4 
MHz) microcomputers and system ex- 
pansion cards, from Heurikon Corp, 
3001 Latham Dr, Madison, WI 53713, 
contain logic for the expanded Intel 
20-bit SBC-80 Multibus. Z80 based, the 
MLZ-90 is a complete microcomputer 
system on a 6.75 x 12” (17.1 x 29.4-cm) 
4-layer printed circuit card. An oncard 
floppy disc drive controller can 
regulate up to 16 single- or double- 
density drives with a direct interface to 
Shugart 801 and 850/851 drives. One 
ROM socket and eight ROM/RAM sockets 
will accommodate a variety of ROM and 
Mostek’s byte wide RAM family. 

Each of the nine memory sockets 
can contain up to 8192 bytes of 
storage. Write protection is provided 
by software control for all oncard RAM 
or ROM. Compatible memory types are 
Intel 2716, 2732, and 2764 (or equivalent) 
EPROM and Mostek 4118, 4801, 4816, 4802, 
and 4864 (or equivalent) byte wide RAM. 

Memory addressing is software con- 
trolled by a memory mapping RAM 
which allows dynamic memory bank 
switching, greatly easing implementa- 
tion of multitasking systems. Blocks of 
4k bytes or more within IM byte of off- 
card memory or 73k bytes of oncard 
memory may be relocated to any 
logical 4k-byte CPU address. Power-on 
jump is implemented using memory 
mapping logic. Jumpers are provided 
to enable users to select a variety of 
wait state conditions for oncard 
memory if slow memory devices are be- 
ing used. 

Circle 330 on Inquiry Card 


Multibus Vector Generator 
Board Creates 
Text and Graphics 


The RG-SBC-VG3 vector generator is 
designed for Multibus applications. 
Accepting high level commands from 
the system processor via the Multibus 
to draw vectors, circles, ASCII 
characters, graphic shapes, and fill 
and erase rectangles, it controls in- 
structions such as jump, call, and 
repeat. 

Point to point draw is provided 
allowing the user to specify end points 
of a line or to specify a string of coor- 
dinates which define a shape to be 
drawn. ASCII characters are generated 
from the ASCII code and may be 
specified as a string following the 
display ASCII opcode. 

The vector generator, manufactured 
by Raster Graphics, PO Box 23334, 
Tigard, OR 97223, includes an 8085 
microprocessor, 8k/16k of P/ROM ad- 
dress space, a hardware vector 
generator, and a 2k dual-port RAM to 
receive instructions from the Multibus 
system processor. The Multibus system 
processor acquires control of the dual- 
port RAM by issuing an I/O instruction 
to a user selected I/O page, and returns 
control to the vector generator when 
the dual-port RAM has been loaded. 

Dual-port RAM resides in a_ user 
selected 4k address block of the 
Multibus system processor’s address 
space as it is being updated by the pro- 
cessor. RAM and ROM inhibit signals 
are provided to allow the dual-port 
RAM to temporarily override system 
memory existing at the same address 
when the RAM is being updated. 

Circle 331 on Inquiry Card 
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LSI-11/23 Based Computer 
Supports Floppy and 
Winchester Storage 


Disc system 11X from Scientific Micro 
Systems Inc, 777 E Middlefield Rd, 
Mountain View, CA 94043, includes an 
LSI-11/23 CPU, 128k-byte RAM, four 
RS-232-C serial ports, and up to 2M 
bytes of floppy disc storage in a single 
10.5” (26.7-cem) tabletop enclosure. 
Storage can be expanded by adding a 
26.4M-byte 14” (36-cm) Winchester 
drive option in a matching 5.25” 
(13.3-cm) enclosure. 

The disc system is compatible with 
the RT-11 and RSX-11M DEC operating 
systems. Adding dual-head floppies 
doubles the storage normally available 
when running the RT-11 operating 
system with DEC RX02 diskettes. 40% 
faster disc access improves perfor- 
mance. 

A proprietary ‘‘Flinchester’’ con- 
troller is included to interface between 
the LSI-11 Q-Bus and both floppy and 
Winchester discs. Two modes of opera- 
tion are possible. The compatible 
mode provides complete DEC RX02 
hardware, software, and media com- 
patibility. Standard DEC software will 
run without modification to device 
handlers. To access the Winchester 
disc and IBM compatible floppy discs, 
the controller employs an extended 
mode with appropriate device handler. 
Device handlers are available for RT-11 
and RSX-11M operating systems. 

Circle 332 on Inquiry Card 


64k Tabletop Computer 
Includes High Speed 
32M-Byte Disc 


The 64k SD-700 computer system, 
manufactured by SD Systems, 3401 
Kingsley, Garland, TX 75041, includes 
a 32M-byte fixed/removable disc with 
30-ms average access time and 55-ms 
maximum access time. This disc ex- 
pands to 96M bytes max. In multiuser 
configurations, the system supports up 
to five users with user partitions of 48k 
and a 16k-operating system with 256k 
maximum memory capacity. 
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The standard configuration pro- 
vides two Z80 central microprocessors 
operating at a 4-MHz CPU speed and 
two 1/0 ports. Included with the system, 
the communications oriented 
multiuser operating system (COSMOS) 
supports CP/M compatibility, COBOL, 
MBASIC, CBASIC, and other compilers, 
as well as individual and shared files 
for multiuser applications. 

Circle 333 on Inquiry Card 


Miniature DPM Provides 
Microprocessor Data Bus 
Compatible Outputs 


Circuitry required for direct 3-state 
gatable BCD data output, compatible 
with most 4-, 8-, 12-, or 16-bit 
microprocessors, is included in the 
4/-digit DM-4100D DPM. Measuring 
2.53 x 3.25 x 0.94” (6.43 x 8.26 x 2.39 
cm), the 0.3" (0.762-cm) LED display in- 
dicates analog voltages from — 1.9999 
to 1.9999 Vdc. It is a product of Datel- 
Intersil, 11 Cabot Blvd, Mansfield, MA 
02048. 

BCD data outputs are 3-state gated 
out in 4-bit groups permitting com- 
patibility with multiple-data bus 
widths. Impedance presented for 
single-ended analog inputs is 1000 MQ 
with 5-pA bias current. 

The meter is auto zeroed on each 
conversion cycle to reduce drift. An ex- 
ternally accessible reference voltage is 
provided to minimize error due to 
voltage drift in ratiometric or bridge 
type applications; blank circuit pads 
accept input attenuation resistors or 
current shunts. Temperature drift of 
the auto zeroed input amplifier is +1 
count from 0 to 50 °C. Temperature 
drift of gain measures +50 ppm of 
FSR/°C (typ) and +100 ppm of FSR/°C 
max. Input to output conversion 
linearity is +0.02% of reading, or +2 
counts. 

Circle 334 on Inquiry Card 


Desktop Microcomputer 
Includes Built-in 
Impact Printer 


Based on a 6809 microprocessor, the TX 
series includes built-in 26-col 
alphanumeric printer, 20-col 
alphanumeric display, and modem 
with RS-232-C ports. The units weigh 15 
lb (6.8 kg) and are about the size of a 
portable typewriter. Included is ex- 
tended BASIC and assembly language 
support. 

Three models are available from 
Canon Inc, Systems Div, 10 Nevada 
Dr, Lake Success, NY 11042, with 
memory capabilities of 15k to 31k 
bytes. TX-25 is programmable with full 
typewriter keyboard and_ built-in 
microfloppy disc drive. TX-10 and TX-15 
are nonprogrammable models, the 
TX-15 incorporating full typewriter 
keyboard while the TX-10 uses 26 
labeled keys and a 10-key pad. 

Circle 335 on Inquiry Card 


Memory Card for 
EXORcisor Bus Incorporates 
Versatile Addressing 


A memory card for EXORcisor bus 
microcomputer systems accommodates 
32k or 64k of EPROM and allows a mix 
of triple- or single-supply devices 
throughout the 64k memory map. 
Each device is independently ad- 
dressable on 2k or 4k boundaries with 
wirewrap jumpers. The EPROM 
memory can be divided into two 
separate blocks of eight devices with 
each block configured for a different 
type of EPROM (TMS2716, INT2716, and 
INT2732). 2k and 4k devices can be used 
together. The board accommodates 4k 
of 2114 static RAM and is addressable in 
2k blocks throughout the memory 
map. 

The EPROM/RAM board is available 
from TAK Components, 1307 N 
Carolan Ave, Burlingame, CA 99010. 
Measuring 6.06 x 9.75 x 0.062” (15.4 x 
24.8 x 0.16 cm), the board can hold 
noncontiguous memory locations 
without wasting memory space. It 
operates at 1 to 2 MHz on a standard 
Motorola EXORcisor/Micromodule bus 
and is 6800, 6801, 6802, 6809, and 650X 
compatible. 

Circle 336 on Inquiry Card 
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From concept...to prototype...to production. 
Faster. With Multiwire’ circuit boards. 


Just give us a net list and board layout. terminated by plated through holes. It offers 
You'll get a computer-generated design, greaier control of electrical characteristics, 
prototypes, and delivery of production boards improved reliability, higher density, and fast 
ina fraction of the time you would expect. changes for component updates and ECO’s. 

The Multiwire process is simply fasterthan Multiwire is new. And different. And it has 
multilayer. . . all the way from board design been proved in demanding applications by 
through manufacture to function. Especially over 200 of the world’s leading electronic 
working with high density interconnects. manufacturers. | 

A Multiwire circuit board is a pattern of Call today. Tell us your specs. Let us tell you 
insulated wires bonded to an epoxy glass exactly how Multiwire can get your product to 


substrate by a high-speed CNC machine, and | market first. 


Call your nearest Multiwire producer for full details 
(or circle appropriate Reader Service No.) 


Licenses to design and 
manufacture Multiwire circuit 
boards are available from PCK Southeast Middle Atlantic Canada, Minn., Utah, upstate N.Y 
Technology Division, Kollmorgen I-CON Industries Circuitech, Inc. Space Circuits, Ltd. 
Corporation, 31 Sea Cliff Avenue, 1103 So. Airport Drive 1108 Pollack Avenue P.O. Box 367 
Glen Cove, NY 11542. Phone: Euless, Texas 46039 Ocean, NJ 07712 156 Roger Street 
(516) 448-1166. (817) 267-4466 (201) 493-4102 Waterloo, Ontario 

Dallas/Ft. Worth TWX 710 723-4620  N2J4A4 

(817) 283-5361 NY/LI (519) 742-5896 

Houston (516) 681-4619 CIRCLE 118 ON 

(713) 733-7033 CIRCLE 117 ON INQUIRY CARD 

Orlando, FL INQUIRY CARD 


(305) 422-2272 
CIRCLE 116 ON AA ® 
INQUIRY CARD MULTIWIRE 
®Multiwire is a U.S. registered trademark Af 
of Kollmorgen Corporation. 
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Video Dispiay 
Controller Card 
Plugs Into STD-BUS 


Claimed to be the only fully program- 
mable plug-in alphanumeric display 
controller card on the STD-BUS, the 
STD-ALPHA can display popular formats 
including 25 lines x 80 char, 24 x 80, 
20 x 64, and 16 x 32. Other display for- 
mats having up to 128 characters per 
line or 44 lines per page (to a max- 
imum of 2048 characters) can be ob- 
tained by replacing the onboard tim- 
ing crystal with another of the ap- 
propriate frequency. Four character 
heights are available display. 

The character set consists of 96 
upper/lower-case alphanumeric ASCII 
characters and 32 graphics symbols. 
When user defined characters or sym- 
bols are required, the existing 


character generator can be replaced 
with a custom programmed 2716 
EPROM. 

Depending on the display format 
selected, the card uses 1k or 2k bytes 
of memory address space; each 
character position on the CRT screen 
corresponds to a location in the display 
memory. When a character is to be 
displayed, its ASCII and attribute codes 
(normal, inverse or blinking) are writ- 
ten into the appropriate memory loca- 
tion. A cursor can be_ positioned 
anywhere on the display. With 
transparent memory, no glitches or 
snow appear on the display regardless 
of the rate at which the CPU writes to 
display memory. 

This 4.48 x 6.50" (11.4 x 16.5 cm) 
card has a single 5-V power supply re- 
quirement. Outputs will drive any stan- 
dard data display monitor having com- 


Open 
For 
Business 


sense ERNE RE NESE 


Bring on your forms, any forms. Whether you need to print on bank 
checks or multipart reports, standard pages or outsize sheets, our 
alphanumeric DMTP-8 impact form printer has a 50 character/line 
Capacity, edge guide sensor and three open sides to take your work 
flow as it comes. Everything fits. And with the exceptionally long 
needle stroke, every message is crisp and clear — even on multiple 


copies from .003” to .015” thick. 


Work it hard. Work it long, even at high-volume POS jobs. With its 
heavy-duty construction and extra-long life dot matrix print head, 
the DMTP-8 is made to take it. Other advantages: programmable 
character pitch, and the long-haul economy of replaceable ink 
rollers and a self-reversing ribbon with a 10-million character life. 
And, of course, the price: just $269 in100’s.Write or call now for details. 


PRACTICAL 


AUTOMATION, INC. 
Trap Falls Road, Shelton, Conn.06484/Tel: (203) 929-5381 
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posite video or direct drive inputs. 
American or European TV standard is 
selectable. The display controller card, 
along with a complete high speed 
lightpen interface, is available from 
Matrox Electronic Systems Ltd, 5800 
Andover Ave, T.M.R. Quebec H4T 
1H4, Canada. 
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Interface for Microcomputer 
Drives Parallel ASCII Printer 


A printed circuit board interface 
allows the Atari 400 or 800 to drive a 
parallel ASCII printer directly. Once a 
15-s machine language program is 
loaded from cassette, all printed data 
are directed to the parallel printer in- 
terface instead of the serial port. For 
example, LIST‘P:” will list a basic pro- 
gram on the printer; LPRINT in a basic 
program will direct output to the 
printer, and LIST#P will output 
assembler source listings on the 
printer. The program will remain in 
memory until the computer power is 
turned off. 

A disc booting version is included on 
the same cassette. DOS is modified by 
transferring the program from cassette 
to disc. From then on, each time DOS is 
booted, the parallel printer driver 
boots in. Dise system interface soft- 
ware is essentially invisible to the user. 

The interface will drive most 7-bit 
ASCII parallel printers with handshak- 
ing (data strobe and busy signals). 
Connectors are available for popular 
printers, giving ‘‘plug-in’’ installation. 
Connection to almost any other 
parallel printer is possible. 

Two versions of the parallel printer 
interface are available. The A4P fits the 
Atari 400 and the A8P fits the Atari 800. 
Both interfaces are manufactured by 
Macrotronics, Inc, 1125 N Golden 
State Blvd, Turlock, CA 95380. 
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Growing concerns require 
fresh ideas. Ideas that 
stimulate growth. Ideas 
that manage growth. Ideas 
that are designed to grow 
with the business. 

Altos Computer 
Systems, a world leader in 
single board microcom- 
puter technology, cultivates 
these ideas and delivers 
them in an attractive 
assortment of economical 
floppy disk based systems. 

Take the compact, 
portable ACS8000-2 family, 
for example. This dual 
floppy system with 64 
KBytes of RAM is perfect 
for inexpensive work station appli- 
cations such as business accounting 
and word processing. 

Altos’ versatile and upgradable 
ACS8000-5 system is the solution for 
growing storage capacities. Simply 
add chips to Altos’ reliable, fully 
socketed single board computer to 
upgrade to any of Altos’ ACS8000-6 
hard disk or multi-user systems. 
Choose up to 208 KBytes of on- 
board RAM storage which can be 
accessed in 48 KByte banks—one 
bank for each of four users. Like all 
Altos family members, the 
ACS8000-5 has full asynchronous, 
bisynchronous, and networking 
communications capabilities. 

All Altos systems are packaged 
with the most select features, such 
as the single board Z80A* CPU, 


*Z80A is a registered trademark of Zilog. Inc 


**CP/M is a registered trademark of Digital Research, Inc 


quality Shugart drives, and optional 
DMA and floating point processors. 
And every Altos system must endure 
extensive reliability testing including 
48 hours of in-process burn-ins. 

Altos supports three industry 
standard operating systems: single/ 
multi-user CP/M** OASIS? and Altos’ 
proprietary AMEX.” Seven high level 
programming languages are offered 
which are CP/M or AMEX compatible. 

Weed through the micro- 
computer system alternatives. No 
matter what your application, you'll 
pick Altos. 

For specific details about 
pricing or performance, call or write: 
Altos Computer Systems, 

2360 Bering Drive, San Jose, CA, 
95131, (408) 946-6700, Telex 171562 
ALTOS SNJ. 
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tOASIS is a registered trademark of Phase One Systems, Inc 


WHY GROWING CONCERNS PICK 
OUR FLOPPY BASED SYSTEMS 


System 
Software / 


Floppy 
Disks: A 
.SMb-2Mb : 
And Cartridge 
Tape Back-Up 


Packed with 
Fresh Ideas 


COMPUTER SYSTEMS 


€) 1980 Altos Computer Systems 


90ns 
ACCESS 


Until now, 16K density 
was strictly dynamic RAM 
territory. But not any more. 
Now you can get speed, stat- 
ic simplicity and all of 
the organizational ben- 
efits of x 8 memories 
in one 16K static device. 


MK4802: 
The fastest’, highest 
density static available. 


Introducing the Mostek 
MK4802: The first and 
only fast 16K static RAM 
with 8K volume production 
experience behind it. The 
distinction is significant 
because the proven circuit 
designs used to fabricate 
the MK4802 were first de- 
veloped for our highly reli- 
able MK4118. That's a 
measure of confidence you 
won't often find in a new 
generation memory. 

Organized 2K x 8, the 


MOSTEK 


MK4802 is also fully inter- 
changeable with other 
BYTEWYDE™ RAM, ROM 
and EPROM memories 
from Mostek. And all of 
these wide-word memories 
have a JEDEC-approved 
pinout. 

Find out more about the 
new generation 16K static 
from the company that 
has generations of commit- 
ment to BYTEWYDE me- 
mories. Contact Mostek, 
1215 W. Crosby Road, Car- 

rollton, Texas 75006. 
(214) 323-6000. In 
Europe Mostek Brus- 
sels 660.69.24. 


© 1980 Mostek Corporation 


MosTeKk* and BYTEWYDE are trademarks of Mostek ‘Corporation. 
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*200ns and 120ns versions available now, 90ns and 70ns versions coming soon. 
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LsI-11 Add-In Memory Detects and 
Corrects Single-Bit Errors— From 
32k to 256k of memory, in 32k in- 
crements, with error checking and cor- 
recting is provided on the model 
MEccV11 from PEBX Inc, 501 D Vandell 
Way, Campbell, CA 95008. An LED er- 
ror display flags RAMs with error condi- 
tions. The memory unit includes a con- 
troller, one or two array boards, and a 
12-V battery backup for power outage 
protection. Circle 339 on Inquiry Card. 
Multiprocessor System Adds 
Users with Single Cards—Built 
around a Z80A processor, the 1000-MP 
supports up to four Winchester 8" 
(20-cem) hard discs with 96M-byte 
storage, and file backup on cartridge 
tape drive. Announced by Computer 
Services Systems Network, 120 
Boylston St, Boston, MA 02116, the ex- 
pandable multiprocessor microsystem 
can accommodate up to 16 users on an 
S-100 bus. Circle 340 on Inquiry Card. 


Advanced TRS-80 Level Il Applica- 
tions Covered in Interfacing 
Book—TRS-80 Interfacing, Book 2, by 
Jonathan A. Titus, Christopher A. 
Titus, and David G. Larsen, extends 
the interfacing techniques presented 
in Book | to include advanced applica- 
tions of the TRS-80 level Il. Using the 
TRS-80 breadboard developed by the 
authors, the reader is shown how to use 
the computer to drive loads with open 
collector chips, triacs, solid state 
relays, and other interface circuits. 
Available from Group Technology Ltd, 
PO Box 87, Check, VA 24072. Circle 341 
on Inquiry Card. 

Interface, Arithmetic Processing, 
and Clock Options for Microcom- 
puter—Options for the Z80 based 
System 10, from GNAT Computers Inc, 
7895 Convoy Court, Bldg 6, San Diego, 
CA 92111, add speed and flexibility. 
For high speed arithmetic calculations 
AM9511 or AM9512 arithmetic processing 
unit options are offered. Interface to 
the instrumentation world is made 
possible by the IEEE 488 general pur- 
pose interface bus. Circle 342 on Inquiry 
Card. 


Timer/Counter Card Is STD BUS 
Compatible—A product of Circuits 
and Systems, Inc, 2 Main St, Hollis, 
NH 03049, the CS7650 series timer/ 
counter and I/O card includes three 
software programmable 16-bit timer/ 
counters and four 8-bit parallel 1/0 
ports that can be used for input, out- 
put, or output with readback. Ports are 
hardware programmable. Circle 343 on 
Inquiry Card. 

Microcomputer System Features 
Multiprocessor/Multiuser Archi- 
tecture—Produced by Action Com- 
puter Enterprise, Inc, 75 W Green St, 
Pasadena, CA 91105, Discovery 
multiprocessor system uses indepen- 
dent Z80/8080 CPUs and up to 64k bytes 
for each user. Communication with up 
to 100 user processors is possible, each 
running independent CP/M programs. 
Circle 344 on Inquiry Card. 


IEEE 488/Parallel Interface En- 


hances PET/CBM Flexibility— 
PIE-C permits use of Centronics or 
other parallel-input ASCII printers with 
PET/CBM computers. Included in the 
device from LemData Products, PO 
Box 1080, Columbia, MD 21044, are 
switch selectable conversion of 
nonstandard PET/CBM code to true 
ASCII and IEEE 488 primary address 
response capability. Circle 345 on Inquiry 
Card. 


Expandable Dynamic RAM Board 
Meets S-100 Standards— 
dynamic RAM board conforming to the 
proposed IEEE S-100 bus standards is 
compatible with most S-100 systems. 
Model 2065 from California Computer 
Systems, 250 Caribbean Dr, Sun- 
nyvale, CA 94086, is fast enough to re- 
quire no wait states with a 4-MHz CPU. 
The bank selection system allows soft- 
ware enabling of a bank and memory 
expansion to 512k. Circle 346 on Inquiry 
Card. 


Electrical Isolator Also Elimi- 
nates Equipment Interactions— 
Super Isolator is designed to control ac 


power line spikes, surges, noises, and 
hash, and to eliminate equipment in- 
teractions. It can accommodate an 
1875-W load and each of the three in- 
dividually dual-Pi filtered 3-prong ac 
sockets can handle 1000 W. Available 
from Electronic Specialists, Inc, 171 S 


Main St, Natick, MA 01760. ,Circle 347 
on Inquiry Card. 


Flat cable 


assemblies 
with a twist. 


Connectorized 
flexible 
circuits that 
are two jumps 
ahead. 


Transmission 
line assemblies 
that aren't the 
same old line. 


And new paths 
in printed 
circuit boards. 


It’s all in the 
book. 


We'll customize virtually any flat 
cable assembly, connectorized 
flexible circuit, transmission line 
assembly, or printed circuit board 
to meet your needs. 


Write or call for the proof. We'll send 
you a catalog, then have a service 
engineer give you a call, if you wish. 


TEB /AnsLey 


Custom Products 


T&B/Ansley Corporation 
Subsidiary of Thomas & Betts Corporation 
3208 Humboldt St., Los Angeles, CA 90031 


TEL. (213) 223-2331 
TWX 910-321-4059 
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Belden cooling fan cords help make ends meet finan- 
cially... by helping cord a mate faster and easier 

uring production. That’s because Belden cords offer 
the kind of — quality and superior product features 
that have made Belden a preferred supply source for 
over 75 years. Just look at these great features. 


TWO COMPLETELY FINISHED ENDS while most others 
only offer a finished plug end. 

NON PLUG ENDS ARE SLIT, STRIPPED, TWISTED, SOL- 
DERED and ready for production when they’re de- 
livered to you. 

PRICE IS COMPARABLE TO CORDS WITH ONLY A FIN- 
ISHED PLUG END. That means you get all this added 
value at no extra cost. 


© 1980 Belden Corporation 
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PLUG ENDS ARE MADE AT A 45 DEGREE ANGLE to fit the 
contour of most cooling fans. This helps in both the 
design and installation phases of production. 
TEMPERATURE TOLERANCE RATING OF 105 DEGREES C 
to provide longer, more dependable performance 
under tough conditions. 

UL AND CSA APPROVED 18/2 SPT 1 with quotes avail- 
able for 18/3 SPT 2. 

FIVE STANDARD LENGTHS: 17902—2’, 17903—3'’, 
17904 — 4’, 17905 —5’, 17906—6’. 

For more information, contact Belden Corporation, 
Electronic Division, P.O. Box 1980, Richmond, Indiana 
47374. Phone: 317-983-5200. Or call our Eastern 
Regional Sales Office at 617-872-7846 or Western 
Regional Sales Office at 714-833-7700. 


BELDEN © 


Coming through... 


with new ideas for moving electrical energy 
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Compact Q-Bus 
Winchester Provides 
Modular Storage 


A compact Winchester system for the 
Q-bus provides 21M to 280M bytes of 
formatted storage to users of the 
LSI-11/2 and LSI-11/23, Designed around 
an 8” (20-cm) drive assembly, the inter- 
face electronics and microcomputer 
form factor allow users to easily add 
storage in 35- or 70M-byte increments. 
This modularity allows system growth 
without drastic increases in hardware 
and software complexity, since inter- 
facing for all levels of storage is han- 
dled by one dual-height card in the 
computer backplane. 

From Peritek Corp, Computer 
Technology Div, 3014 Lakeshore Ave, 
Oakland, CA 94610, the WINRS-11 F 
series floppy disc storage is integrated 
with the Winchester assembly to pro- 
vide removable media for backup or 
transport needs. 

R-series storage units are also 
available which provide fully redun- 
dant systems in a single enclosure. In 
42M- and 70M-byte versions, these 
units comprise two independent 
storage systems in one package that in- 
cludes two separate dual-height inter- 
face cards. The single, dual-height in- 
terface card contains a_ built-in 
bootstrap for ‘hands-off’ operation. 
Circle 348 on Inquiry Card 


Portable Operating System 
Places UNIX Software 
On |6-Bit Microprocessors 


The full Version 7 UNIX operating 
system from Bell Laboratories has 
been modified by Microsoft, 10800 NE 
Eight, Suite 819, Bellevue, WA 98004, 
to run on advanced microcomputers 
including the 8086, Z8000, and M68000, as 
well as the PDP-11 series. All of 
Microsoft’s existing system software 
including COBOL, Pascal, BASIC, and 
DBMS will be adapted to run under the 
XENIX system and software written for 
the UNIX operating system will also be 


compatible. Library programs include 
a C compiler and several other high 
level languages, software development 
tools, function libraries, editors, text 
formatters, and other utilities. 

Interactive, multiuser, multitasking 
design incorporates a tree structured 
directory hierarchy of files in mount- 
able file systems, which allows iden- 
tical handling of files, directories, and 
devices. XENIX also supports tree struc- 
tured process hierarchies, providing 
simple system calls for a process to 
create offspring processes that then 
run in parallel. To support multitask- 
ing, there are interprocess communica- 
tion features in the form of pipes, 
multiplexed pipes, and asynchronous 
software interrupts. Typical of the 
design philosophy is the interchange- 
ability of the program elements. Files, 
devices, and interprocess pipes are 
read and written with identical system 
calls, and applications encompass 
several small general purpose tasks in- 
stead of one large special purpose task. 
Circle 349 on Inquiry Card 


Pascal Compiler Expands 
Programming Support 


A Pascal compiler for the iAPX-88/86 
8-bit and 16-bit family of micro- 
processors will run on Intellec series III 
or any existing Intellec microcomputer 
development system (series II or model 
800) with the model 556 upgrade 
package. Relocatable machine code is 
produced directly from a program- 
mer’s high level, English-like source 
code. Object code can be linked with 
other Pascal-88/86 object files, or the 
object files produced by PL/M-88/86 or 
ASM86, 

The compiler, from Intel Corp, 3065 
Bowers Ave, Santa Clara, CA 95051, is 
an integral part of the manufacturer’s 
iAPX-88/86 support software. Modules 
compiled with Pascal-88/86 can be com- 
bined with other Pascal modules or 
with PL/M-88/86 or ASM86 modules by us- 
ing the LINK86 and LOC86 system pro- 
grams. These modules can be de- 
bugged with ICE-86 emulators and exe- 
cuted either on the series III or on an 
iSBC 86/12 board with RMX-86. 

Pascal-86 programs outside the 
development system environment can 
be executed easily using the runtime 
support system. Programs compiled by 
the Pascal-88/86 compiler can be run on 


any 8086/8087/8088/8089 system, provided 
that the operating system entry points 
required by the runtime system are 
linked in. These entries are part of the 
Series III operating system and the 
RMX-86 realtime executive. Pascal pro- 
grams can be run under other 
operating systems when entry points 
required by the runtime system are 
supplied. 

As implemented in the iAPX 86/20, 
the Realmath standard is supported by 
the inclusion of predefined data types 
and functions. Code produced by the 
Pascal-88/86 compiler can be executed 
on the iAPX 86/20 processor or on an 
iAPX-88/86 software emulator. 

Circle 350 on Inquiry Card 


Analog and Digital 
1/0 Software For 
DEC RT-11 


An analog and digital I/O subroutine 
software package that requires no 
knowledge of machine language has 
been released by ADAC, 70 Tower Of- 
fice Pk, Woburn, MA 01801, to sup- 
port their line of analog and digital 1/0 
boards for use with DEC’s RT-11 FOR- 
TRAN/BASIC operating system software 
for the LSI-11, -11/2, and -11/23 microcom- 
puter series. The ADLIB package gives 
the user flexible realtime data acquisi- 
tion and control software. It supports 
analog high level, low level and ther- 
mocouple inputs at high throughput 
rates. 

Analog routines allow the user to 
select sequential or random access 
channels, programmable gain ampli- 
fier settings, internal or external trig- 
gering, and other parameters. Digital 
inputs and outputs, realtime clock 
functions, pulse counting and genera- 
tion, applications requiring voltage or 
current loop outputs as well as the 
company’s multiple interrupt con- 
troller are supported. The software will 
operate in a single job or a fore- 
ground/background environment and 
runs under program control, program 
interrupt, or in the direct memory ac- 
cess mode. The software package in- 
cludes a user’s manual with complete 
description of the various routines. 
Also included is the distribution 
media, a floppy diskette (RX01 or RX02 
compatible) containing the source 
code, object code, and other library 
file information. 

Circle 351 on Inquiry Card 
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MNOS Devices Provide 
Flexibility in Nonvolatile Logic 


Bob Greenwood Plessey Semiconductors 
1674 McGaw Ave, Irvine, CA 92714 


One of the major difficulties facing the designer of digital 
systems is the loss of current data on the interruption of 
power. Traditionally, the problem has been overcome by us- 
ing a CMOS memory and a battery, a solution that introduces SILICON SILICON 
problems associated with cost, size, weight, and shelf life of ae ol a 
batteries. A more effective solution for many applications is 
the use of nonvolatile logic devices produced on a metal 
nitride oxide silicon process. 

The metal nitride oxide silicon (MNOS) process is essen- 
tially a P-channel metal gate MOS process, with the addi- 
tional feature that the nonvolatile memory transistors with 
electrically alterable threshold voltages can be fabricated on 
the same chip alongside conventional fixed threshold tran- 
sistors. The MNOS memory transistors, therefore, enable 
nonvolatile data storage to be incorporated into standard 


SOURCE 


MOS type circuits. Fig 1 Simplified cross section of MNOS memory 

An MNOS memory transistor has a sandwich structure cell. Ability of MNOS transistors to be fabricated 
gate dielectric consisting of a very thin layer of silicon oxide alongside fixed threshold transistors allows non- 
under a thicker layer of silicon nitride (Fig 1). By applying volatile storage to be incorporated into MOS circuits 


suitable voltages to the terminals of the transistor, it is 
possible to inject a charge through the thin oxide layer. 
This charge subsequently becomes trapped at the oxide/ 
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ROMs 


MOS STATIC ROMs (+5 Volts) 


Character Generators? 


A 7 ; ~] 
Organization Part Number ponding ee =f 
128 x (7 x 5) MCM6670P 350 18 
128 x (7 x 5) MCM6674P 350 18 
28 x (9x 7) MCM66700P 350 24 
128 x (9x 7 MCM66710P 350 24 
128 x (9x7 MCM66714P 350 24 
128 x (9x 7 MCM66720P 350 24 
128 x (9x7 MCM66730P 350 24 
128 x (9x7 MCM66734P 350 24 
128x (9x7 MCM66740P 350 24 
128 x (9x7 MCM66750P 350 24 
28x (9x7 MCM66760P 350 24 
128 x (9x7 MCM66770P 350 24 
128 x (9x7 MCM66780P 350 24 
28 x (9x 7) MCM66790P | 350 24 
Binary ROMs (+5 Volts) 
A Ti No. of 
Organization Part Number pha he 
1024x 8 MCM68A308P 350 24 
1024 x 8 MCM68A308P7 350 24 
1024 x 8 MCM68B308P 250 24 
2048 x 8 MCM68A316AP 350 24 
2048 x 8 MCM68A316EP 350 24 
2048 x 8 MCM68A316P91 350 24 
4096 x 8 MCM68A332P 350 24 
4096 x 8 MCM68A332P2 350 24 
8192 x8 MCM68A364P 350 24 
8192x 8 MCM68A364P3 350 24 
8192 x 8 MCM68B364P 250 24 
8192x8 MCM68365P25 250 24 
8192x 8 MCM68365P35 350 24 
81928 MCM68366P25 250 24 
8192x8 MCM68366P35 350 
CMOS ROMs (+5 Volts) 
A Ti No. of 
| Organization Part Number Ringe = 
256 x 4 MCM 14524 1200 16 
2048 x 8 MCM65516C43 430 18 
2048 x 8 MCM65516C55 550 18 


Not all package options are listed 


Operating temperature ranges 
MOS 0°C to 70°C 
CMOS O°C to 70°C 
ECL — Consult individual data sheets 
i ia Military — 55°C to + 125°C, Commercial 0°C to 70°C 


Character generators include shifted and unshifted characters, ASCII, alpha- 
numeric control, math, Japanese, British, German, European and French 
symbols 


PROMs 


ECL PROMs | 


Access Time 


Organization Part Number (ne: rand) 

MCM10139 ECL output 

MCM10149 ECL output 
TTL PROMs 

ail ; 

O rea — as Access Time O No. of 
rganization art Number (ns max) utput Pins 
1024 x 8 MCM/7680 70 Open Collector} 24 
1024 x 8 MCM7681 70 3-State 24 
2048 x 4 MCM/7684 70 Open Collector] 18 
2048 x 4 MCM7685 70 3-State 18 

Open Collector 
2048 x 4 MCM/7686 70 lit Gantetaas 20 
3-State 
2048 x 4 MCM/7687 70 with Lakelees 20 
Open Collector 
2048 x 4 MCM7688 2 with Registers 20 
3-State 
2048 x 4 MCM7689 a with Registers 20 
1K x8 MCM/76LS81 175 3-State 24 
1K x8 MCM82708 70 3-State | 24 


MOTOROLA 
MEMORIES 


Motorola has developed a very broad range of reliable MOS 
and bipolar memories for virtually any digital data processing 
system application. And for those whose requirements go 
beyond individual components, Motorola also supplies 
Memory Systems and Micromodules. 

New Motorola memories are being introduced continually. 
This selector guide lists all those available as of October 1980. 
For later releases, additional technical information or pricing, 
contact your nearest authorized Motorola distributor or 
Motorola sales office. 

Data sheets may be obtained from your in-plant VSMF Data 
Center, distributors, Motorola sales offices or by writing to: 

Literature Distribution Center 

Motorola Semiconductor Products Inc. 
P.O. Box 20912 

Phoenix, AZ 85036. 


MOTOROLA 
MEMORIES 
elector 
uide 


PAN WES 

OMs 

ROMs 
EPROMs 
EEPROM 


October 1980 


SS) MOTOROLA 


(AA) MOTOROLA 


te 


MOS DYNAMIC coe 


cess Time Power 


4096 x 1 MCM4027AC-2 eZ, OV. 
4096 x 1 MCM4027AC-3 +12, +5 V 
4096 x 1 MCM4027AC-4 +12, +5V 


16384x 1 |MCM4116BC15 +12, +5V 
16384x 1 |MCM4116BC20 +12, +5V 
163841 |MCM4116BC25 +43; 26 
16384 1 |MCM4116BC30 +12, +5V 
16384 1 |MCM4516C12"! +5V 
163841 |McCM4516C15*! +5V 
163841 |MCM4516C20"! +5V 
16384 1 | MCM4517C12 +5V 


16384 1 | MCM4517C15 +5 V 
16384 = 1 | MCM4517C20 +5V 


32768 x 1 | MCM4132L15 
32768 x 1 | MCM4132L20 
32768 x 1 |MCM4132L25 +12, +5V 
32768 x 1 | MCM4132L30 +12, +5V 
32768 x 1 | MCM6632L15! +5V 
32768 x 1 | MCM6632L20! +5V 
32768 x 1 | MCM6632L25! +5V 
32768 x 1 | MCM6633L15 +5V 
32768 x 1 | MCM6633L20 +5V 
32768 x 1 | MCM6633L25 +5V 


+12, +5V 
+12, +5V 


65536 x1 | MCM6664L15! +5V 
65536 x 1 | MCM6664L20! +5V 
65536 x 1 | MCM6664L25! +5V 
65536 x 1 | MCM6665L15 +5V 
65536 x 1 | MCM6665L20 +5V 
65536 x 1 | MCM6665L25 +5V 


TTL BIPOLAR RAMs 


Access Time 


Part Number (ns max) 


Organization 


256 x 4 MCM93412 Open Collector 
256 x 4 MCM93422 3-State 


1024 x 1 MCM93415 


Open Collector 
1024 x 1 MCM93425 3-State 


*To be introduced. 


Motorola's innovative pin #1 refresh 


2all MOS memory outputs are three-state except the open collector MCM2115A 
series. 


MOS STATIC RAMs (+5 Yous 


128x8 
128x 8 
128x8 


1024 x 4 
1024 x 4 
1024 x 4 
1024 x 4 
1024 x 4 
1024 x 4 
1024 x 4 
1024 x 4 


1024 x 1 
1024 x 1 
1024 x 1 
1024 x 1 
1024 x 1 
1024 x 1 
1024 x 1 
1024 x 1 
1024 x 1 
1024 x 1 


4096 x 1 
4096 x 1 
4096 x 1 


1024 x 4 
1024 x 4 
1024 x 4 
1024 x 4 
1024 x 4 
1024 x 4 


256 x 4 
256 x 4 
256 x 4 
256 x 4 


1024 x 1 
1024 x 1 
1024 x 1 
1024 x 1 


MCM6810 
MCM68A10 
MCM68B 10 


MCM2114P20 
MCM2114P25 
MCM2114P30 
MCM2114P45 
MCM21L14P70 
MCM21L14P25 
MCM21L14P30 
MCM21L14P45 


MCM2115AC452 
MCM2115AC552 
MCM2115AC702 
MCM21L15AC452 
MCM21L15AC702 
MCM2125AC45 
MCM2125AC55 
MCM2125AC70 
MCM21L25AC45 
MCM21L25AC70 


MCM2147C55 
MCM2147C70 
MCM2147C85 


MCM2148C55* 
MCM2148C70* 
MCM2148C85* 
MCM2149C55* 
MCM2149C70* 
MCM2149C85* 


Access Time 


Part Number (ns max) 


MCM5101P65 
MCM5101P80 
MCM51L01P45 
MCM51L01P65 


MCM6508C30 
MCM6508C40 
MCM6518C30 
MCM6518C46 


ECL BIPOLAR RAMs 


creator ‘amas 


8x2 MCM10143 
256 x 1 MCM10144 
16x4 MCM10145 
1024 x 1 MCM10146 
128 x 1 MCM10147 
256 x 1 MCM10152 
256 x 4 MCM10422* 


ECL output 
ECL output 


ECL output 
ECL output 
ECL output 
ECL output 
ECL output 


co 


MOS EPROMs 
nen] rnin | Mies | Si | Fa 


1024x8 | MCM2708C 42, OV 
1024x8 | MCM27A08C +12, +5V 
1024x8 | MCM68708C +12, +5V 
1024x8 | MCM68A708C +12, OV 


2048x8 | TMS2716C +12) 6 V 
20488 | TMS27A16C +12, +5V 
2048x8 | MCM2716C +5V 
2048x 8 | MCM2716C35 +5V 
2048x8 | MCM27L16C +5V 


2048x8 | MCM27L16C35 +5V 


4096 x8 | MCM2532C +5V 
4096 x8 | MCM2532C35 +5V 
4096 x8 | MCM25L32C +5 V 


4096 x8 | MCM25L32C35 +5V 


8192x8 | MCM68764C DV 
8192x8 | MCM68764C35 +5 V 
8192x8 | MCM68L764C +5V 
8192x8 | MCM68L764C35 +5V 
8192x8 | MCM68766C +5V 


8192x8 | MCM68766C35 +5V 


EEPROM 


MOS EEPROM 


O Er Rae tank Access Time Power No. of 
i. somali saiichusideaaid (ns max) Supplies ee 


EPROM/PROM COMPARISON 


MOTOROLA'S PIN-COMPATIBLE EPROM FAMILY 
64K 32K 


ardie c > Cie wbvec 
ascj2 cj 23F a8 
asia : c 22 as 
asc 2 210 Vpp 
aacs 20 E/Progr 


arcs 19D A10 
arc 1 a 
aocis It 175 a7 
oa0cis c 16006 
pa1cj10 f 1s005 


a2 140004 
Cc 130003 


MCM68732 MCM2532 


MOTOROLA'S PIN-COMPATIBLE ROM FAMILY 
32K 


] 


noog09gonHo 


Qi 
MCM68A364 MCM68A332 MCM68A316E 


INDUSTRY STANDARD PINOUTS 


nitride interface and modifies the threshold voltage of the 
transistor. Depending on the polarity of the injected charge, 
the threshold may be moved either to a low or high negative 
value. 

Once the injected charge is trapped within the bulk of the 
gate dielectric, it is not affected by surface leakage, and the 
charge decays away only very slowly. It is, therefore, pos- 
sible to distinguish between high and low threshold voltages 
for at least a year, in the absence of applied power, after 
they have been written, while retaining electrical alter- 
ability. All of this makes possible such varied applications 
as elapsed time metering for teleprinters and other types of 
devices, replacements for latching relays in all types of in- 
dustrial equipment, electronic calculators and electronic 
games, automatic dialing devices for telephones, security 
systems such as electronic locks, and counters (automotive 
odometers, and text and measurement recorders). 

One of the disadvantages of the MNOS transistor is the 
high voltage required across the transistor dielectric to in- 
ject the charge into the oxide/nitride interface traps. This 
has meant that programming pulses of 25 V or greater have 
had to be applied to the transistor. Bias considerations have 
precluded the use of MOS control logic for erase/write on the 
same chip. 

However, the MN9000 series of nonvolatile (NOVOL) devices 
from Plessey Semiconductors (see Table) uses a modified 
form of erase and an internal de-de converter for generating 
high voltages. These characteristics have made it possible 
to include onchip sensing circuitry for retrieving data and 
drive circuitry for changing threshold voltage, while using 
standard MOS power supplies. Therefore, no additional ex- 
ternal drive circuitry is required, and the transfer of data 
between the logic and the nonvolatile memory is achieved 
with simple control inputs using standard TTL/CMOS levels. 


A 6-Decade Counter 


A specific product will serve to illustrate the interaction be- 
tween the logic and MNOS memory. The MN9106 (Fig 2) is a 


6-decade up-counter in parallel with a 24-bit MNOS memory 
which can provide nonvolatile data storage of the current 
count status. An overflow latch and memory bit are also 
available to indicate a counter overflow condition. In addi- 
tion to the conventional counter controls, recall and Save in- 
puts are provided to control the 2-way transfer of data be- 
tween the counter and memory. 

Output data are presented in the form of multiplexed 
7-segment outputs and 6-digit strobes. The multiplexing se- 
quence is controlled by an internal oscillator with a fre- 
quency that is either determined by a capacitor on the scan 
input or forced from an external source if control of the 
multiplexing sequence is required. Normal use of the device 
includes generating a Save automatically on power-up. If the 
clock rate is sufficiently slow, however, a Save could be 
generated every counter change. 


Power-On/Power-Off Circuit 


Systems that use NOVOL devices to provide nonvolatile data 
storage can be classified into two main operating modes. In 
one mode, data are transferred to and from the nonvolatile 
memory at times determined by the operating sequence of 
the system. Save and recall signals are generated, therefore, 
by logic or software that is an integral part of the whole 
system. The only additional requirement is to eliminate any 
unwanted save signals at power-on and power-off that could 
reduce the data retention time or possibly corrupt the 
stored data. Typical application areas in this operating 
mode include mainly those systems in which the data to be 
retained are changing relatively infrequently, such as in 
security code storage, programmable timers, and low fre- 
quency counting applications. 

The second operating mode includes the majority of ap- 
plications in which data are changing at relatively high fre- 
quencies. Nonvolatile memory is then used as a backup in 
the event of loss of power. Data are written into the non- 
volatile memory only when power is removed from the 
system. When power is restored, the data are retrieved and 


NOVOL Family Members 


Supply 
Voltage 


5V, -12V 


Type Description 
MN9102 Quad Latch 


MN9105 4-Decade Up/Down-Counter 


MN9106 
MN9107 
MN9108 


6-Decade Up-Counter (999999) 
6-Decade Timer (995959) 
6-Decade Timer (999959) 


5V, -12V 


Features 


Automatic data recall 
High impedance output state for multiplexed operation 
One year data retention at 70 °C 


BCD outputs 

250 kHz up/down counting 
Latched outputs facility 

One year data retention at 70 °C 


7-segment outputs 

Full multiplexing 

Counter overflow indicator 
200-kHz count frequency 

One year data retention at 70 °C 
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Fig 2 Nonvolatile data storage of count status. Func- tors, which consists of 6-decade up-counter in parallel 
tion is provided by MN9106 from Plessey Semiconduc- with 24-bit MNOS memory 


5-V REGULATOR 


Veg (5 V) 


1/6 40106 


monitoring input to 5-V regulator 
V_ (-12 V) 
ge 


-12-V REGULATOR 


Vi Ver = Vo +403 TYPICAL COMPONENT VALUES 
| | R1 = Ik . 
| ! R2 = 100k { f= (RI + RAC, 


| t S 
1 R3=10k | Ric 
= 6.8 uF 
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Yo”) Fig 3 Power supply with power-on 
and power-off sensing circuitry. 
Voltage sensing is achieved by 


1980 


the system then continues its normal operating sequence. 
Additional power supply sensing circuitry is, therefore, re- 
quired to detect power-on and power-off conditions in order 
to generate the save and recall signals. 

An example of a line powered 5- and —12-V supply with 
power-on and power-off sensing circuitry is shown in the cir- 
cuit of Fig 3. Voltage sensing is achieved by monitoring the 
input to a 5-V regulator. When this voltage is less than V,,,, 
(=14.3 V), transistor TRI is conducting, which holds the in- 
put of the Schmitt inverter close to V,, and the output run 
signal remains low. 

Once the input exceeds V,,,, sufficient voltage will be 
available for the 5-V supply to be within specification, and 
TRI will be turned off. Provided this condition is maintained 
for a time period t, (~[Rl + R2] C,), the input of the 
Schmitt inverter will have discharged to a sufficiently low 
level to take the run signal high, indicating a power-on con- 
dition. Time delay t, is included to give enough time for the 
high voltage levels within NOVOL devices to become fully 
charged. 

Should the input voltage subsequently fall below V,,,, 
TRI will turn on again and the input to the Schmitt inverter 
will charge through RI. After a time period t, (~R1-C,), 
the run signal will return to a low level, indicating a power- 
off condition. The delay t, should generally be set longer 
than the time required to complete a recall command, 
although in certain applications it is permissible to set it to 
zero by removing Rl. 

A high level on the run signal gives a reliable indication 
that all power supplies are within specification and that 
high voltage levels are fully charged. The rising edge of the 


run signal can now be used to indicate a recall command 


RECALL 


INHIBIT 


Fig 4 Power-on, power-off control. In 
conjunction with Fig 3 circuitry, this cir- 


cuit provides control function for typical 
device of NOVOL family 


and the falling edge, a save command. Sufficient 
capacitance (C,) should be included, however, to make cer- 
tain that, when run returns to a low level, the output 
voltages will remain within specification until the save com- 
mand is completed. Actual capacitance value will depend on 
the total current drain from the power supplies. 

The save and recall signals can be generated from the run 
signal in a variety of ways, using delay circuits, 
monostables, or software design. Fig 4 illustrates a suitable 
delay circuit using Schmitt inverters which could be used 
with the above power sensing circuitry. Apart from the 
recall and Save outputs, an inhibit signal is also provided 
which may be used to force the main system into a suitable 
state for recall and Save. In this particular example, it can 
be seen from the waveforms that a save command can occur 
only if by is at a high level, which happens only after the 
recall command is finished. The minimum run period t, is, 
therefore, not needed, and Rl may be removed from Fig 3. 
Hysteresis of the Schmitt inverters is a requirement for 
maintaining minimum time periods t, and t.. 


Conclusion 


The MNOS devices provide logic with easily usable electri- 
cally programmable nonvolatile memory, capable of storing 
information for more than a year. Operating without exter- 
nal drive circuitry and characterized by simple TTL/CMOS 
compatible inputs, these devices find applications in both 
primary and backup memory roles. In applications that 
traditionally have used CMOS and a battery (or mechanical 
methods of nonvolatile storage), this technology should 
prove to be a cost-effective alternative. 


237 


AROUND THE IC LOOP 


64k Memory Heads 
5-V Line of Dynamic RAMs 


Based on HMOS N-channel silicon gate 
technology, and utilizing a single 5-V 
power supply, a family of dynamic 
RAMs from Motorola Semiconductors, 
3501 Ed Bluestein Blvd, Austin, TX 
78721, includes pin compatible 64k, 
32k, and 16k devices. Multiplexing of 
row and column address inputs not 
only results in a requirement of eight 
address lines for each of these RAMs 
but also permits packaging in standard 
16-pin dual inline packages. 

The 65,536-bit memory, MCM6664, is 
organized as 64k x 1, with a refresh 
control function available on pin 1 to 
provide automatic and self-refresh 
modes. (See Fig 1.) Another 64k ver- 
sion, MCM6665, differs only in not pro- 
viding the pin 1 refresh. Other 
characteristics shared by the two 
devices include 150-ns max access time 
from row address strobe, max power 
dissipation of 275 mW active and 30 
mW on standby, 3-state data output, a 
2-ms refresh of 128 cycles, and an early 
write common I/O capability. Complete 
address decoding is done onchip, with 
address latches incorporated. Refresh 
mode is RAS-only, while data out is con- 
trolled by CAS, allowing for greater 
system flexibility. (See Fig 2.) All in- 
puts and outputs, including clocks, are 
fully TTL compatible. 

Implemented on a 39,249-mil? 
(0.25-cm?) die, the RAMs utilize a folded 
bit line architecture, having 64 bits per 
line and a total of 512 sense amps. 
Benefits of folded bit lines include 
higher signal strength, noise insen- 
sitivity, and efficient access from data 
1/0 to bit lines. Differential noise is fur- 
ther lowered through the use of array 
shielding. Bit line capacitance is 
lessened by reducing the number of 
cells per bit line, reducing capacitance 
per unit area using thick dielectric, 
and keeping bit lines physically short, 
not running across the column 
decoder. 

Onchip back bias voltage generation 
is utilized to reduce bit line loading, 
increase data signal strength, and im- 
prove speed/power product. The back 
bias generator is powered up only dur- 
ing the active RAM cycle. 

(continued on page 241) 
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16k-BIT MEMORY 
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1-OF-128 ROW DECODER 
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SENSE AMPLIFIER 


16k-BIT MEMORY 
ARRAY 


DATA IN, D 


OUTPUT 


16k-BIT MEMORY DATA, Q 


ARRAY 


1/0 TIMING CONTROL AND REFRESH CONTROL 


SENSE AMPLIFIER 


Fig 1 Block diagram of Motorola’s 64k dynamic RAM, MCM6664. 
Complete address decoding is done onchip with address latches in- 
corporated. Data out is controlled by CAS allowing for greater system 


flexibility 


SELF-REFRESH MODE (BATTERY BACKUP) 


REFRESH 


AUTOMATIC PULSE REFRESH CYCLE 


OM 
Oe 


RAS to REFRESH delay 

REFRESH period 

REFRESH to RAS precharge time 
REFRESH cycle time 

REFRESH pulse period 

REFRESH inactive time 
REFRESH to RAS delay time 
REFRESH to RAS setup time 
Row address strobe precharge time 
Row address setup time 

Random read or write cycle time 
Row address strobe pulse width 


Row address hold time 
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Fig 2 Refresh modes for 64k RAM. 
For self-refresh mode with battery 
backup (top) and automatic pulse 
refresh (center), CAS, addresses, data 
in, and WRITE are Don’t Care. In RAS 
only mode (bottom), data in and 
WRITE are Don’t Care; CAS is high 
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Complete systems 
for computer graphics 
and image processing. 


And, we do mean complete! 
Grinnell systems can include com- 
puters, disc drives, terminals and 
software operating systems. Plus a 
FORTRAN software and driver 
package; high resolution TV moni- 
tor, camera, and hard copy color 
printer. 

There are also other options to 
meet any special requirement you 
might have. 

Of course, you may already have 
some of the necessary hardware. 
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That’s why Grinnell systems work 
with standard TV monitors and 
cameras, and why plug-compatible 
interfaces are available for most 
minicomputers. 


We also give you a complete 
product line to choose from: 

GMR 270 Series: 512 x 512 reso- 
lution frame buffers and full color 


pipeline image processing systems. 


GMR 260 Series: 1024 x 1024 
resolution frame buffers for grey 


scale, black and white, pseudo 
color and full color. 

GMR 27 Series: High speed, 
modular graphic and image display 
systems. 

GMR 37 Series: Low cost graphic 
display systems. 

So, whether you want to analyze 
images from outer space or monitor 
a process in a plant, Grinnell has 
a complete system that can do it. 
For complete specifications and/or 
a quotation, call or write today. 


2159 Bering Drive, San Jose, California 95131 (408) 263-9920 
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- 'Tosell thebest terminal, 
buy the best keyboard. 


The keyboard is one of the most critical components in your com- 
puter system. Which is why the first thing to consider when you buy a 
keyboard is reliability. 

That alone is probably good enough reason to specify a Hall effect 
solid state keyboard from MICRO SWITCH. It’s the most reliable keyboard 
you can buy. From the beginning, it will help you and your customers 
Save money on repairs. 

As aresult of design innovations, the Hall effect keyboard is com- 
petitively priced against lower-performance, less reliable keyboards. In- 
novations like the microcomputer that gave you the first “intelligent” 
keyboard, the three terminal keyswitch module and single-sided printed 
circuit boards. 

In addition, there’s our Value Engineering Program. 

With specialists who work with you early in the design of your 

roduct, to give you the best, most effective keyboard for terminals used 
in high throughput applications like word processing, batch data entry, 
and photocomposition. 

And only our keyboards are backed by a dedicated field engineer- 
ing organization, and an experienced application engineering team. To 
make sure you have the most cost effective keyboard for the job. 

That’s really what buying a keyboard should be about. 

And why it pays to buy a Hall effect keyboard from MICRO 
SWITCH, the most reliable keyboard you can buy. 

For details, write MICRO SWITCH, Freeport, Illinois 61032. Or 
call 815-235-6600. In Germany, write Honeywell GMBH, Kaiserlei- 
strasse 55, 6050 Offenbach/Main West Germany. 


MICRO SWITCH 


a Honeywell Division 
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A 32,768-bit version, organized as 
32k x 1, results from use of one-half of 
a 64k device, with all parameters other 
than bit capacity identical to those of 
the complete chip. With pin 1 refresh, 
the designation of the 32k RAM is 
MCM6632; without this feature, it is 
designated MCM6633. 

The 16,384-bit members of the family 
are the MCM4516 (with pin | refresh) and 
MCM4517 (without). Organized as 
16k x 1, these RAMs provide a max ac- 
cess time of 100 ns and max power 
dissipation of 150 mW active and 14 
mW on standby, as well as a hidden 
refresh capability with output remain- 
ing valid from the previous cycle dur- 
ing refresh. Other characteristics of 
. the 16k RAMs match those of the 64k 
and 32k members of the family. 

Absolute maximum ratings for all 
of these RAMs require that voltage 
relative to V.. stay between —1 and 
7V for V., and between —2 and 7 V 
for all other pins. Temperature must 
remain between 0 and 70 °C in opera- 
tion and between —65 and 150 °C in 
storage. Power dissipation is limited to 
a max of | W and data out current toa 
max of 50 mA. 

All of the memories are currently in 
production except for the 16k device 
with the pin 1 refresh option. This RAM 
is scheduled for availability later this 
year. 
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Leadless Chip Carriers 
Provide Alternative to 
Conventional DiIPs 


According to an independent study, 
approximately 55% of all integrated 
circuits will be packaged in some form 
of leadless ceramic chip carrier (LCCC) 
by 1990. Chip carriers are said to be 
more reliable, easier to use, and more 
versatile, requiring less space and 
reducing system cost. 

At 1/6 the surface area and 1/12 the 
weight of conventional dual inline 
package, a newly announced LCCC 
from Texas Instruments Inc, PO Box 
225012, Dallas, TX 75265, has a single- 
level 100-mil thick structure consisting 
of a microelectronic chip mounted on a 
ceramic base and hot cap sealed for a 
hermetic ceramic-glass-ceramic struc- 


ture. Several additional advantages 
relative to standard IC packages have 
been listed by the manufacturer. The 
ruggedness of the package facilitates 
its automatic placement on PCBs by 
magazine fed machines. Square 
shaped, flat, and thin, it can be readily 
flow soldered and mounted on dif- 
ferent types of printed circuit board 
materials. During soldering, a chip 
carrier will properly align itself in 
place on a board, even if initially 
misaligned by as much as 25%. 

Because an LCCC requires less board 
space, fewer boards are required in a 
system utilizing them and overall 
system cost is reduced. Furthermore, 
assembly is faster because fewer 
system assembly steps are required. It 
is said to provide a measurable im- 
provement in high frequency and high 
speed switching performance, having a 
lower lead inductance, lower 
resistance, and significantly shorter 
signal paths. An LCCC finds application 
particularly in packaging VLSI circuits 
with more than 64 I/O counts. 

Thermal properties are similar to 
those of a conventional DIP. The theta 
junction case (JC) is 26 °C/W typ, and 
the theta junction ambient (JA) is 
63 °C/W typ. 

Demands caused by improvements 
in electronic chip technology, such as 
increased complexity and size of cir- 
cuits and a greater number of pinouts, 
led to the design of this package. 
Developed as part of a military con- 
tract program for the U.S. Air Force, 
this LCCC has been utilized for IC 
packaging as part of that program for 
the past two years. It is now available 
to military, commercial, and industrial 
systems designers, and, since it is a 
JEDEC standard part, it is expected to 
be available from multiple sources. 

Although current packaging costs 
are slightly higher than conventional 
IC packaging, prices are expected to 
soon be comparable with other packag- 
ing. It is estimated that by 1982 LCCCs 
will cost less than flat packages, and 
that by 1984 they will cost about the 
same as dual inline packages. Further- 
more, since LCCCs can reduce overall 
system costs, they can be used cost- 
effectively now. 

Certain digital chip functions are 
available in LCCCs of two sizes, 20 con- 
tacts and 28 contacts. The 20-contact 
LCCC is 0.350”’ (8.9 mm) on each edge, 
while the 28-contact version is 0.450” 
(11.4 mm) per edge. All chip functions 


requiring 20 pinouts or less are 
mounted in a 20-contact LCCC, and all 
chip functions which require 21 to 28 
pinouts are mounted in a 28-contact 
LCCC. Both versions are 0.100’ (2.54 
mm) thick. LCCCs with 44, 68, and 84 
contacts will be available within a few 
months. 

The manufacturer presently offers 
60 Schottky and low power Schottky 
digital functions in these packages, 
with off the shelf availability. Other 
digital, linear, and memory functions 
are suppliable subsequent to order. 
Devices are processed to MIL-STD 883 
and are fully tested with guaranteed ac 
and de characteristics. 
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Mil Spec Chip 
Performs as Either 
Multiplier or Divider 


Designed to meet the requirements of 
military contractors and for industrial 
applications with critical, high reli- 
ability, high temperature require- 
ments, the 4213VM/MIL is a precision 
4-quadrant analog multiplier that can 
also function as a 2-quadrant analog 
divider. Produced by Burr-Brown, PO 
Box 11400, Tuscon, AZ 85734, the 
device provides a 1% max total error, 
50-mV max output offset voltage, and 
feedthrough of 100 mV max (pk-pk) at 
25 °C. The IC is specified over the full 
MIL temp range of —55 °C to 125 °C. 
Offset drift is less than +1 mV/°C, 
and CMR is 60 dB min. Supply voltage 
range of the TO-100 packaged unit is 
+20 Vde. 

The chip is the latest addition to this 
manufacturer’s /MIL program, which is 
designed to simplify nonstandard parts 
approval when MIL-M-38510 parts are 
unavailable. It is screened to MIL- 
STD-883 Class B, and qualification con- 
formance inspection is performed on 
each lot. A qualification report for 
MIL-M-38510 inspection routine is 
available from the company. 

Absolute maximum ratings require 
that supply voltage and input voltage 
remain in a range between +20 Vdc, 
with differential input voltage 
restricted to +40 Vdc. Temperature 
during storage must stay between —65 
and 150 °C, 
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64k Mask Programmable 
ROM Can Replace EPROM 
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Functional diagram for MK37000 8k x 8 ROM from Mostek. Chip 
enable (CE) and output enable (OE) functions prevent bus contention 


GOOD CRIT’S COME IN 
SMALL PACKAGES 


| Who says a CRT terminal has to be big and bulky 
-_ to do a good job? At Ann Arbor Terminals, 
we Offer a full 15-inch screen and de- 
tached keyboard as standard on all our 
desktop terminals. And the case is only 
14” wide by 15" high by 13.6” deep. 
We're known throughout the in- 
dustry for our high quality and re- 
liability. On top of this, we prob- 
ably have the widest range of available options inthe 
field. Display formats from 256 to 4800 characters. Foreign 
language character sets. Special command sets. Custom keyboards. Editing, 
protected fields and block transmit. 

Andif your application doesn’t lend itselftoadesktop terminal, we offer display 
controllers (especially good in industrial environments) for use with free- 
standing monitors. Or buy our terminal without the case and mount it in your 
own console. 

So when the CRT is the focal point of yoursystem, why settle fora large case and 
small screen? You can have excellent readability without taking up alot of room. 
And get the features you need. Call us for more information at Ann Arbor 
Terminals, Inc., 6175 Jackson Road, Ann Arbor, Michigan 48103. 

Tel: (313)663-8000. TWX: 810-223-6033. 


[ann ARBOR 
TERMINALS. INC 
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A 65,536-bit mask programmable ROM, 
MK37000 from Mostek Corp, 1215 W 
Crosby Rd, Carrollton, TX 75006, 
organized as 8k x 8, provides a pin and 
function compatible alternative to the 
similarly organized MK2764 EPROM. Its 
full compatibility extends to the entire 
family of N x 8 BYTEWYDE™ memories 
from the same manufacturer. 

The ROM interfaces with all present 
generation 8- and 16-bit micropro- 
cessors. It features 250-ns access time, 
output enable (OE) and chip enable (CE) 
control functions that prevent bus con- 
tention problems, operation from a 5-V 
+10% power supply, and power 
dissipation of 220 mW active (max) 
and 35 mW (typ) standby. Use of 
clocked control periphery and a stan- 
dard static ROM cell are said to make 
this the lowest power 64k ROM 
available. 

Onchip address latches are con- 
trolled by the CE input. Once address 
hold time is met, new address data can 
be provided to the device in anticipa- 
tion of a subsequent cycle. It is not 
necessary to maintain the address up 
to access time to access valid data. The 
output enable function controls only 
the outputs and is not latched by CE. 
Therefore, the CE input can be used 
for device selection and the OE input 
used to avoid bus conflicts so that out- 
puts can be ORed together when using 
multiple devices. 

Other system oriented features in- 
clude fully TTL compatible inputs and 
outputs. The 3-state outputs, con- 
trolled by the OE input, will drive a 
minimum of two standard TTL loads. 

Packaging is provided in a 28-pin 
DIP, with pin 20 handling the CE and 
pin 22 the OE function. Pins 1 and 26 
are not connected, allowing easy up- 
ward compatibility with next genera- 
tion higher density ROMs which will 
use these pins for addresses. Pin 27 is 
not connected in order to maintain 
compatibility with RAMs which use this 
pin as a write enable control function. 

Absolute maximum ratings require 
that voltage on any terminal relative to 
V., lie between —1 and 7 V. Ambient 
temperature must remain between 0 
and 70 °C during operation, between 
—65 and 150 °C during storage of the 
ceramic package, and between —55 
and 125 °C during storage of the 
plastic package. Power dissipation 
must not exceed 1 W. 
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THE ALL BUSINESS 
PRINTER. 


Until now, you got the 
printer quality you paid for. 
Now, Dataroyal gives yOu 
more. Our new IPS® 5000 
150 cps matrix printers offer 
business system quality and 


reliability — at hobbyist prices.” 


IPS® 5000 models give you 
MPU-driven, 80 and 132 col- 
umn bi-directional printing of 
a 96 ASCII character set in 


9x9 matrix with full descenders. 


Standard features include 
a “quiet cover,” expandable 
buffer memory, expandable 
characters, and more. 

Hobbyists will love the 
IPS® 5000, but our new small 
printers are all business — 
designed for those who need 
high quality output every day. 

Join the growing list of 
OEMs and end users who have 
looked beyond the largest 
printer suppliers to find the 
best. For a demonstration of 
the ES” 5000, or larger 
IPS® 7000, fill out the coupon 
or call your nearest Dataroyal 
sales office. 


(] Show me an IPS® 5000. 
_] Send me information. 


CD1180 


Name 
Title 
Company 
Street 
City 
State ZIP 
Telephone ( ) 


Mail to Dataroyal, Inc. 
235 Main Dunstable Road, 
Nashua, NH 03061 


“Under $1,000 in OEM quantities; available 
90 days ARO 


DATAROYAL 
INCORPORATED 


235 Main Dunstable Road, Nashua, NH 03061, (603) 883-4157 
2801 Far Hills Avenue, Dayton, OH 45419, (513) 294-6426 
160 Centennial Way, Tustin, CA 92680, (714) 838-4530 
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Application of digitally controlled potentiometer, 
AD7525, in thumbwheel switch attenuator. BCD- 
coded thumbwheel assembly applies BCD data to 


IC’s digital inputs. Switch assembly shown has 
single-pole double-throw action; thus BCD inputs 
are pulled either to 15 V or GND 


Said to be the industry’s first 
monolithic integrated circuit to func- 
tion as a digitally controlled poten- 
tiometer, the AD7525 is a CMOS device 
that offers a resolution of 314 digits 
BCD (1999 counts). Other character- 
istics include guaranteed monoton- 
icity, a drift over temperature of 
25 ppm/°C max, 15-mW power dissipa- 
tion, gain error of +0.05% FS typ, and 
max feedthrough error of +0.1% V,,, 
with V,, defined as a +10-V, 20-kHz 
sine wave. 

Designed to replace expensive 
10-turn pots and thumbwheel switch 
voltage dividers, this IC from Analog 
Devices, Rte 1 Industrial Pk, Norwood, 
MA 02062, offers lower cost and higher 
accuracy over temperature without the 
contact noise and limited repeatability 
accuracy of pots. Applications include 
digitally controlled gain and at- 
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tenuator circuits in audio equipment, 
automatic test equipment, and in- 
strumentation where dc voltage levels 
or ac signal amplitudes must be dialed 
from a front panel. 

Six grades (plus four MIL versions) 
are available. Guaranteed maximum 
nonlinearity over temperature is +14 
LSB for LN,CD, and UD grades, and +1 
LBS for KN, BD, and TD grades. Both KN 
and LN grades are packaged in 18-pin 
plastic DIPs and are specified over the 
0 to 70 °C temperature range. CD and 
BD grades are housed in ceramic DIPs, 
and are specified over the —25 to 
85 °C range, and UD and TD grades are 
in ceramic DIPs, specified over —55 to 
125 °C. All D suffix grades are 
available fully screened to MIL-STD-883, 
method 5004, class B. 
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A proprietary ultrafast settling DAC 
and a high speed comparator are key 
components in the design of a 12-bit 
hybrid analog to digital converter an- 
nounced by Datel-Intersil, 11 Cabot 
Blvd, Mansfield, MA 02048. The 
ADC-817 accomplishes a 12-bit A-D con- 
version with 14-LSB max integral and 
differential linearity errors in 2 ps. 

This converter features six pin pro- 
grammable input voltage ranges, 0 to 
-—d V, —10V, —20 V, 225 V, 25 ¥, 
and +10 V. Output coding can be pin 
selected for straight binary, offset 
binary or 2’s complement, with conver- 
sion data available in parallel and 
serial modes. A clock output and status 
output simplify the transmission of 
serial data. 
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Our new System 19/UniPak 
lets you program most MOS 
and bipolar PROM’S from 
AMD, Fairchild, Harris, Intel, 
MMI, Motorola, National, 
Raytheon, Signetics and 
Texas Instruments. UniPak's 
software assembles the program- 
ming algorithm and selects the 
correct socket for 16, 18, 20, 24 
and 28-pin PROMS. 

System 19/UniPak gives you 
design and purchasing free- 
dom. [his means you can select 


the best PROM for each application, 


and you can second-source for the 
best price and availability. 


Semi-house approvals and 
easy calibration help main- 
tain higher device yields. 
UniPak has earned written approv- 
al from device manufacturers. And 
easy calibration lets you keep per- 


formance within PROM manufactur- 


ers’ specifications. 


~ UniPak algorithms shorten 


programming time enhanc- 
ing System 19’s use as a pro- 
duction tool. UniPak is the first 
module to use a newly developed 
algorithm which makes it possible to 
program a 64K EPROM in less than 
half the time it takes to program a 
16K EPROM using standard 
methods. 

And the System 19/UniPak is 
easy to operate, with a minimum of 
operator training. 

New System 19 concept is 
open ended to keep it state 
of the art. [he System 19 is 
designed around a standard main 
frame and plug-in modules. 


~A 
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Modules available now include 
the UniPak, a gang program- 
ming pak for MOS devices, 
and a series of programming 
paks for logic devices and 
individual PROM families. 


23 communication 
formats including six 

for development systems. 
Development systems, computers, 
teletypes and CRT terminals inter- 
face easily with the System 19. The 
system 19 accepts micro-processor 
instruction codes from Motorola, 
Intel, Tektronix, Fairchild, FutureData 
and other development systems 
without intermediary equipment. 
Let us show you the future. 
The new Data |/O System 19/ 
UniPak is available now. To make 
arrangements for a demonstration or 
to get your free copy of this valuable 
32-page book, circle reader ser- 
vice number or contact Data |/O, RO 
Box 308, Issaquah, WA 98027. 
Phone 206/455-3990 or TOLL 
FREE: 800/426-9016. 
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Each unit is equipped with an inter- 
nal high speed precision input buffer, 
allowing it to be driven directly from a 
high impedance source. The buffer 
may be bypassed for operation with a 
low impedance source such as a 
sample/hold. Inclusion of the buffer in 
the A-D package reduces the chance of 
noise being introduced to the system 
by external sources. 

Maximum parameters include a 
gain tempco of 25 ppm/°C, a 0 drift of 
150 »V/°C, and an offset tempco of 15 
ppm/°C. The ADC finds uses in a wide 
variety of data acquisition applica- 
tions, such as fast signal processing, 
ultra sound imaging, and fast preci- 
sion instrumentation, and is packaged 
in a 32-pin, hermetically sealed, 
ceramic triple-spaced DIP. Three 
models are available covering 
operating temperature ranges of 0 
to 70 °C, —25 to 85 °C, and —55 to 
125 °C. These converters operate from 
+15- and 5-V supplies. 
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ADC Chip Runs 
For a Year on 
Single 9-V Battery 


A monolithic analog to digital con- 
verter, the ICL7126, can operate for 
8000 h (nearly 1 yr) on a single 9-V 
battery. The 3!4-digit ADC, produced 
by Intersil Inc, 10710 N Tantau Ave, 
Cupertino, CA 95014, is described as a 
lower power version of the industry 
standard ICL7106, utilized in a wide 
variety of handheld DMMs, DVMs, 


digital thermometers, and other 
devices. 
This single CMOS IC includes 


7-segment decoders, display drivers, 
reference, and clock. It is designed to 
interface with a liquid crystal display 
(LCD) and includes a backplane drive. 

The high accuracy device features 
guaranteed 0 reading for 0 V on all 
scales and has true polarity at 0 for 
precise null detection. Auto 0 is less 
than 10 nV, 0 drift is less than 1 np V/°C, 


input bias current is 10 pA max, and 


DOUBLE Your STD 
CMOS Memory... FREE 


Our STD Bus-compatible card 
saves more than your data. Fora 
limited time it will save you 
money. Through December 1, 
1980, we'll sell you our 8K version 
for the single-piece, 4K price. 

We at Matrix have been 
producing the 7911/CRC card in 
both 8K and 4K versions for quite 
some time. Both have many 
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integral features including 60-day 
battery back-up. They’re field- 
proven and compatible with all 
current STD processor systems. 

Get one for your own evaluation 
while the gettin’s good. 


MATRIX CORPORATION 


PHONE (619) Ba37e837 
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rollover error is less than one count. It 
also provides true differential input 
and reference, offering the designer a 
particular advantage when measuring 
load cells, strain gauges, and other 
bridge-type transducers. The single 
9-V power supply operation allows a 
high performance handheld meter to 
be built with the addition of only seven 
passive components and a display. 
Other features include low noise (less 
than 15 pwA pk-pk), a 100-~A supply 
current, and power dissipation 
guaranteed to be less than 0.9 mW. 
These devices are provided in 40-pin 
plastic or ceramic dual inline 
packages. Maximum ratings limit sup- 
ply voltage (V* to V~) to 15 V or less, 
with analog input voltage and 
reference input voltage required to 
stay between V* and V~-. Power 
dissipation must not exceed 1000 mW 
for the ceramic nor 800 mW for the 
plastic package. Allowable tempera- 
ture ranges are 0 to 70 °C in operation 
and —65 to 160 °C in storage. 
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Programmable IC 
Generates Clock Pulses 
At 64 Frequencies 


Available in two models, a clock pulse 
generator integrated circuit from Ep- 
son America Inc, 23844 Hawthorne 
Blvd, Torrance, CA 90505, can gen- 
erate 64 frequencies (57 unique) from 
the original frequency of its built- 
in crystal oscillator. This original fre- 
quency has a range from 30 to 130 
kHz; the output frequencies are 
generated through setting six program 
leads. The 8650 model offers an ac- 
curacy of +50 ppm in its output pulse 
frequency, while the corresponding 
parameter for model 8651 is +5 ppm. 

Programming of the hybrid IC is ac- 
complished by means of a CMOS 
divider that offers ratios from 1/1 to 
1/12 (10)-*. Other characteristics in- 
clude a supply current of 0.5 mA max 
and 0.35 mA typ, operation from a 5-V 
power supply, and TTL compatibility. 

The time accuracy of the IC makes it 
suitable for use as a clock generator in 
a wide range of applications, including 
clocks, instruments, computers, and 
automatic machines. Packaging is pro- 
vided in a 16-pin DIP. 0 
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New iSBX Multimodule boards 


Intel introduces a whole new dimension 
in configuring single board computer systems. 


Intel pioneered the concept of 
flexible microcomputer system design 
in 1976, with our family of iSBC™ 
single-board computers interfaced via 
the Multibus™ system bus —presently 
accepted as the industry standard. 

Now we’ve extended this well- 
accepted concept to board-level 
design: A new generation of Multi- 
module boards interface to iSBCs via 
the new iSBX bus. So now you have 
a second design option. You can 
expand systems in large increments 
with Multibus boards. Or in smaller, 
more economical increments with 
Multimodules. 


The key to configuration 
flexibility 

The iSBX bus—the first physical/ 
electrical interface for direct on- 
board expansion of iSBC systems— 
assures compatibility between these 
systems and the emerging Multi- 
module product line. 

Present on all future Intel 
single-board computers, the 
iSBX bus saves design time and 
space, and facilitates fast, easy 
upgrading. System performance is 


New Multimodules and iSBX Bus-compatible iSBCs 


> iSBC 80/10B Single Board Computer 
8080A-based microcomputer with one 
iSBX bus connector; 48 programmable 
1/0 lines; one USART, timer; gaa 
for 1K-4K bytes RAM; up to 16) 

EPROM 


Sore. _orm 
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iSBC 80/24 Single Board Computer 
mo, 8085A-2 based microcomputer oper- 
"ating at 4.8 MHz (2.4 MHz optional); 
two iSBX bus connectors; 48 program- 
mable I/O lines; one USART; three 
programmable timers; programmable 
interrupt controller; capacity for 4K-8K 
bytes RAM; up to 16K EPROM 


iSBX 350 Parallel 1/0 Multimodule 
24 programmable |/0 lines; sockets for 
inverting and noninverting trans- 

ceivers 


iSBX 351 Serial 1/0 Multimodule 
Programmable synchronous/asynch- 
ronous communications channel; 
standard RS232C or RS449/422 com- 
patibility; software-selectable baud- 
rate generation; two programmable 
16-bit BCD or binary timers/event 
counters 


iSBX 331 Fixed/Floating Point Math 
Multimodule 

Fixed point single- (16-bit) and double- 
(32-bit) precision arithmetic; floating 
point single- (32-bit) precision func- 
tions; floating-to-fixed and fixed-to- 
floating point conversions; transcen- 
dental functions 


iSBX 332 Floating Point Math 
Multimodule 
Single- (32-bit) and double- (64-bit) 
precision arithmetic; compatible with 
proposed IEEE format and existing 
Intel floating point standard. 


also improved because Multimodules 
tie directly to the iSBC internal bus. 
Connection to the iSBX bus is made 
with a set of rugged connectors — 
one on the iSBC board, the other 
on the Multimodule itself. 


The new Multimodule family 
Multimodules represent a whole 
new family of plug-in expansion 
boards. They allow you to add a 
variety of special performance 
features to your existing iSBC system. 
Currently available add-ons are 
shown below. Soon you'll also be 
able to add other Multimodules for 
D-to-A and A-to-D conversion, 
communications, peripheral inter- 
faces—and more. 
With those modules 
you can now 
respond 


to new ap- 
plications 
opportunities. Examples? Take data 
acquisition or industrial control: to add 
extensive I/O processing power, you 
simply plug in the iSBX 350 board. Or 
consider communications networks. 
Now there’s no need to add entire 
USART boards; just use the iSBX 351 
unit. In laboratory control applica- 
tions, instead of an independent 

math processor, now you can choose 
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the more economical iSBX 331 or 


332 math modules. 


New Multimodule-compatible 
Tez] iSBC boards 
Intel’s new 
8-bit iSBC 80/10B 
and 80/24 single- 
board computers 
are the first of 
many iSBCs to 
offer iSBX Multi- 
module expansion 
iSBX 960-5 Connector capabilities. Both 
are improved versions of widely used 


iSBC boards. (See table). 


Custom tailoring, too 

For users who want to design their 
own Multimodule boards, Intel offers 
iSBX 960-5 connectors. When used 
in conjunction with the iSBX specifi- 
cations, this set of connectors lets 
you create modular boards that meet 
your Own unique requirements. 

Available from Intel today are 
the first four iSBX Multimodules and 
two iSBX-compatible iSBCs. For 
further information, or to order, 
return this coupon or call your local 
Intel sales office or distributor. Or 
contact Intel at the address below. 


intel delivers 


solutions. 


Europe: Intel International, Brussels, Belgium. 
Japan: Intel Japan, Tokyo. United States and 
Canadian distributors: Alliance, Almac/ 
Stroum, Arrow Electronics, Avnet Electronics, 
Component Specialties, Hamilton/Avnet, 


Hamilton/Electro Sales, Harvey, Industrial 
Components, Pioneer, L.A. Varah, 
Wyle Distribution Group, Zentronics. 


Please send information on: 
CJ iSBX Multimodules [J iSBC 80/10B 
CJ iSBC 80/24 (J Configuration Guide 


(J Other 


L] Please have a Sales Representative call. 


Name : 


Address 


City/State/Zip 


Phone 


Intel Corporation, 3065 Bowers Avenue, Santa 


Clara, CA 95051. Telephone (408) 987-8080. 


Title/Organization ' 


ee ee 
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HUGHES AIRCRAFT COMPANY 


Solid State Products Division 
Semiconductor Product Line 
500 Superior Avenue 

Newport Beach, CA 92663 
(800) 854-3515 or 

(714) 759-2678 


THE HUGHES H800 


The fastest route from concept to production... 


From concept to design, from prototype to production no other development system 
can match the speed, the power, the flexibility and the capability of the new Hughes 
advanced microcomputer development system—the H800. 


State-of-the-art multiprocessor architecture of 
the H800 includes intelligent peripheral controllers 
and memory management unit that’s expandable 
to more than 128K. And the H800 is virtually 
universal, supporting the 1802, 1804, Z80, 8080, 
8085, 8048, 6800, 6809, 6502, with additional 
microprocessor support now in design. 


Cost-effective development software of the 
H800 includes high-level languages through 
CP/M, a convenient screen editor and a relo- 
catable macroassembler. Additional software 
features include a library capability, linkage 
editor and symbolic debug. 


The modular operating system of the H800 
allows both multi tasking and multiusers, and 
includes a real-time clock and timer, background 


printing, logical I/Os, utilities and file management. 


And with the H800, you can software down load 
to and from any other system. 


In-circuit-debug emulator of the H800 provides 
real-time execution, disassembler in trace, and 
patch assembler in debug. In addition there are 
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unlimited hardware, software and special condi- 
tional break points. single step/ multiple steps, a 
powerful mapping facility, and a universal real- 
time Logic Analyzer. 


The H800 Advanced Microcomputer Develop- 
ment System...another important addition to the 
Hughes microprocessor family. 


The 1800 Microprocessor Family 
(Available Now) 

Function 
PN Te a ee 
Wen Oe ose eae 
HCMP 1824 32 x 8 RAM 
HCMP 1831/2 512 x 8 ROM 
HCMP 1833/4 1024 x 8 ROM 
HCMP 1835/6 2048 x 8 ROM 
HCMP 1851 Prog. 1/O 
HCMP 1852 I/O Adapter 
HCMP 1853 3 to 8 Decoder 
HCMP 1854 UART 
HCMP 1855 Mul. / Div. 
HCMP 1856/7 Bus Buffer/ Separator 
HCMP 1858/9 Memory Latch/ Decoder 
HCMP 1861 TV Interface 


10 intelligent hard disc and 
magnetic tape controllers 
offer LSI-117 11/2, 11/23, 

and PDP-11* single quad slot 
compatibility with up to 60% power saving. 

Only DILOG (Distributed Logic Corporation) exclusive 
automated design, common proprietary architecture and 
sophisticated bipolar pPs give you ® all single board quad 
size products requiring no external power or chassis . . . 
just a cable to connect the drive . .. you don’t need anything 
else @ high reliability © automated self-test including data 
base protect feature and indicator. And at cost savings of 
50% or more. 

LSI-11 MAGNETIC TAPE CONTROLLER, Model 
DQ 120, interfaces 4 industry standard reel-to-reel drives 
e emulates TM11* © handles 7 and/or 9 track NRZI drives 
to 112.5 ips ¢ selectable DEC or IBM byte order formatting 
e data error checking ¢ RT-11/RSX-11* compatible 
e extended addressing to 128K words. 

LSI-11 MAGNETIC TAPE COUPLER, Model DQ 
130, interfaces dual density (NRZI/PE) formatted drives 
e emulates TM11 © handles up to eight 9 track 800/1600 
bpi industry standard drives at speeds from 12.5 to 125 ips 
e ‘‘streamer’’ mode capability ¢ software or switch selec- 
table density ¢ RT-11/RSX-11 software compatibility. 

LSI-11 MASS STORAGE DISC CONTROLLER, 


Model DQ 200, interfaces any two SMD flat cable inter, 4 
face compatible hard disc drives for up to 500 MB qa 


on-line storage ¢ mix or match compatible 
Winchester, SMD or CMD ® variable sector 
size ¢ automatic media flaw compensation 
with bad sector flagging ¢ optimized logical 
to physical unit mapping ¢ implements 
Winchester fixed head option. 

NEW LSI-11 SHUGART SA4000 
WINCHESTER DISC CONTROLLER, 
Model DQ 201, emulates DEC RK* 
© runs drivers under RT-11 and 
RSX-11M* systems 
© compatible 
with 14.5 MB SA4004 or 29 MB 
SA4008 drives ¢ automatic 
media flaw compensation. 


*Trademark Digital Equipment Corp. 


yor 
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LSI-11 DISC CONTROLLER, 
Model DQ 100, interfaces 2.5, 5, 10 
mmm OF 20 MB cartridge and fixed platter 
drives in combinations to 80 MB 
e RKV-11/RKO5* emulator ¢ handles front load (2315) and/or 
top load (5440) drives ¢ automatic power fail/power down 
media protection ¢ RT-11/RSX-11 compatible. 

NEW LSI-11 EMULATING MASS STORAGE 
CONTROLLER, Model DQ 202. Cost effective interface of 
two 8 and/or 14-inch Winchesters, SMD or CMD hard disc 
drives without changing controller . . . 8 to 300 MB capacity 
e¢ RP emulator ¢ automatic media flaw compensation. 

PDP-11 MAGNETIC TAPE CONTROLLER, Model 
DU 120, emulates TM-11 and has same features as Model 
DQ 120 (LSI unit) © software compatible with RT-11, RSX-11, 
RSTS, IAS and MUMPS. 

NEW PDP-11 MAGNETIC TAPE COUPLER, Model 
DU 130, offers features of Model DQ 130 (LSI unit) ¢ RT-11, 
RSX-11, RSTS, IAS and MUMPS software compatible. 

PDP-11 DISC CONTROLLER, Model! DU 100 includes 
features of Model DQ 100 (LSI unit) ¢ RT-11, RSX-11, RSTS, 
IAS and MUMPS compatible ¢ emulates RK-11. 

NEW PDP-11 EMULATING MASS STORAGE 
CONTROLLER, Model DU 202, offers same features as 
Model DQ 202 (LSI unit). 

Write or call for detailed product performance 
Bea information, OEM quantity pricing, stock to 30 day 

Ss delivery or warranty data on these DEC 11 

ry compatible products . . . or several soon to be 

Py announced new DILOG products. 
Mery Distributed Logic Corp., 12800-G Garden 
Grove Blvd., Garden Grove, CA 92643 

fm Phone (714) 534-8950 
[9 Telex: 681399 DILOG GGVE 


on le DISTRIBUTED 
= CORP 
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All DILOG pP Products 
are Low Power, Quad Size 
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PRODUCT 
FEATURE 


Workstation Permits Designers to 


Configure Unique Computer Systems 


By incorporating a choice of micro- 
processor compatible cards into a 
CD100 integrated workstation, an OEM 
designer is able to build the computer 
system that exactly meets a user’s 
specific requirements. The compact, 
single-unit, Callan Data Systems 
workstation consists of an intelligent 
12" (30-cm) CRT display, detachable 
keyboard with 82 keys and 7 LEDs, 
front panel control switches and 
display LEDs, card cage, and 200-W 
switching power supply. Two initial 
versions are available—for Intel 
Multibus or Digital Equipment Q-bus 
cards. (Both are sold without cards.) 
Dual 5.25” (13-cm) floppy disc drives 
or one floppy drive and one 5.25” Win- 
chester disc drive are options. 


Design Features 


Once the customer’s CPU (8080, 8085, 
8086, Z80, Z8000 or LSI-11/2, LSI-11/23) is in- 
stalled in the card cage, it interfaces 
with the system’s terminal through a 
standard RS-232 interface at speeds up 
to 9600 baud. Communications pro- 
tocol is in accordance with a subset of 
ANSI standard X3.64-1979. Terminal 
functions are controlled by a separate 
microprocessor. 

Display features include 25 lines of 
80 characters/line, split screen 
capability, separate scrolling regions 
within each screen, smooth scrolling, 
and forms drawing graphics. Among 
the “‘invisible”’ field attributes that do 
not use a character position are normal 
and half intensity, character blink, 
underline, reverse field, alternate 
character strike, and overstrike. Edit 
features consist of tabs, insert/delete 
character, insert/delete line, erase line 
up to cursor, erase line after cursor, 
erase entire line, erase screen, move 
cursor, and dump entire display 
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memory. Switch selectable features in- 
clude 50- to 9600-baud rate, auto 
wraparound, auto line feed after car- 
riage return, key click enable, monitor 
mode, cursor type, 115-V 60-Hz/230-V 
50-Hz, local/self test mode, seven or 
eight data bits, parity enable, odd/even 
parity, intensity, and contrast. 

As an option the Multibus backplane 
can be configured with power fail 
detection circuitry and provisions for 
battery backup. Address extension to 
16M bytes is provided. The standard 
backplane provides interface to front 
panel interrupt and CPU reset momen- 
tary switches. Up to 12. LEDs are 
available. 

This packaging technique allows the 
designer to place all system com- 
ponents in a single box. The Multibus 
version can hold up to six cards; the 
Q-bus version can be configured with 
as many as 12 double-height or 6 quad- 
height cards. Removal of a rear cover 
offers full access to the CPU card cage 
while maintaining full protection to 


the remainder of the system. Cards can 
be on extenders during the develop- 
ment stage. 

The switching power supply pro- 
vides up to 25 A at5 V,4A at +12 V, 
and 4 A at —5 V. Peripherals include 
various types of floppy discs, hard 
discs, printers, analog input/output, 
and industrial control interfaces. 

A complete system measures 20" W 
x 25" D x 14” H (51 x 63.5 x 35.6 cm). 
Depth with keyboard separated is 19” 
(48 cm). UL and VDE standards are met. 


Price and Delivery 


Unit price for the CD100 integrated 
workstation is $3795 with, and $3195 
without, optional floppy disc drives. 
OEM discounts start at five units. 
Deliveries. are 60 days ARO. Callan 
Data Systems, 2637 Townsgate Rd, 
Westlake Village, CA 91361. Tel: 
805/497-6837. 


For additional information circle 
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Let your LSI-II‘ brea 


With our Bank-Switching family 


In LOCAL mode our memory is functionally just 
like DEC memory. But when you run out of 
memory space you’re not lost. Add an inex- 
pensive Bank-Switch Controller (BSC-256) and 
you can go to two megabytes. Add another 
and go to four megabytes. 
So don’t get boxed in with other brands of 
LSI-11* memory. Break free. Join the family: 
RMA-032 32Kby16bitRAM. $990 
On-board refresh (Single qty.) 
RMS-016 16K by16bitROM. $300 


(Intel 2716) (Single qty.) 
BSC-256 The Bank-Switch $300 
Controller (Single qty.) 


Substantial quantity discounts are available. The 
RMA-032 is also available without memory chips for $450 
(single quantity). For a free copy of our Bank-Switching 
manual, call or write on your company letterhead. 

Digital Pathways Inc. 

1260 L’Avenida 

Mountain View, CA 94043 

(415) 969-7600 
“Registered trademark of Digital Equipment Corporation 


DIGITAL PATHWAYS 
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PRODUCTS 


Benchtop Tester Accepts Wide 
Range of ADCs and DACs 


Genfiad 1731 Linear IC Mest System 


Most 4- to 12-bit ADCs and DACs—whether bipolar or MOS, 
monolithic or hybrid—can be tested on the benchtop 1731 test 
system without the need for special programming languages 
Or operator programming skills. Step by step instructions 
displayed on the system’s CRT allow the operator to describe 
the DUT and enter test conditions and limits in a fill-in-the- 
blanks procedure. As many ADC/DAC component parameters 


3-Color Ink Jet Printer 
Produces Graphic Output 


By overlaying 3 ink colors (yellow, cyan, and magenta), the 
1S8001 printer terminal can provide a 7-color (yellow, cyan, 
green, magenta, brown, blue, and black) graphic output. Each 
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can be tested as by most large scale systems—including gain, 
zero, and linearity errors; differential linearity; power supply; 
rejection ratio; and internal voltage reference accuracy for the 
DUT. Current force and voltage measurement capabilities 
enable performance of dc parametric measurements on digital 
/O pins. Precise day to day calibration is ensured by voltage 
reference and software algorithms. Operators can switch from 
op amp/comparator/regulator testing to ADC/DAC testing 
simply by exchanging plug-in family boards and magnetic tape 
cartridges containing operating software. 

Test system components include 48k RAM based operating 
system software, program library, 5” (12.7-cm) CRT, 
alphanumeric keyboard, and ADC/DAC family board. Among 
the options are handler interface, socket adapters for popular 
package styles and devices, and op amp family board. Test 
calculation display is controlled by a Z80 microprocessor while 
magnetic tape mass storage is controlled by a 6502. Data 
handling capabilities include CRT and front panel pass/fail in- 
dicators, manual and automatic binning, parametric measure- 
ment test results, and summary screens on the integral CRT. 
Hardcopy is available through a choice of IEEE-488 bus, 20-mA 
current loop, or optional RS-232 output. Statistical analysis 
can be performed by connecting I/O data ports to a computer 
or calculator. GenRad, Inc, 300 Baker Ave, Concord, MA 01742. 
Circle 200 on Inquiry Card. 


of the 3 basic colors is produced by 4 nozzles, for a total of 12 
ink jet nozzles in the printhead. Resolution for the 6 x 8 dot font 
is 100 dots/in (39/cm) horizontally and vertically. Printing is 
bidirectional at 70 char/s. An 8080 microprocessor with 6k 
ROM and 16k RAM (as data buffer) controls printhead move- 
ment and color being printed. The standard RS-232-C interface 
has 7 baud rates from 110 to 9600; a 20-mA current loop inter- 
face is an option. Because it is a CRT page printer, it will printa 
full page (80 char x 48 lines) only when its buffer is full. 

The terminal operates on an 8-bit USACII code; all Intelligent 
Systems Corp 8001 series control codes are recognized. Power 
requirements are 120/240 Vac, 50 to 60 Hz at 50 W in standby 
and 140 W max in operation. Op temp range is 20 to 40 °C at 30 
to 90% RH. (Storage temp range is — 25 to 70 °C at 55 to 95% 
RH.) Operating noise is no more than 50 dBA at 70 char/s. 
Printer line spacing at 80 char/line is 66 per 11” (28-cm) page. 
Characters are 0.1” (2.54 mm) normal, 0.125” (3.175 mm) 
elongated. Fanfold paper up to 15.7” (39.9 cm) wide can be 
used. Unit dimensions are 8.2” (20.8 cm) H, 22” (55.9 cm) W, 
17.4” (44.2 cm) D; weight is 37.4 Ib (17 kg). Printacolor Corp, 
5965 Peachtree Corners E, Norcross, GA 30071. 
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PRODUCTS 


Graphics Input Tablet Enables 
Operator-Computer Interaction 


Drawing on a CRT, tracing graphics documents, or picking 
from a menu can be accomplished through use of the HP 
9111A graphics input tablet. A pen-shaped stylus provides a 
means for human interface with any HP-IB compatible host 
computer. Position of the 
stylus (fitted with either ink- 
ing or noninking ballpoint pen 
refills) on the platen can be 
resolved to 0.1 mm. Data in- 
put and program control are 
provided by 16 softkeys. To 
select a menu item, the 
operator touches the stylus ong _’ 
to a particular area of the platen and presses Anuns. The tablet 
interprets which softkey was selected and notifies the host 
computer to branch to the appropriate application program 
segment. (The operator need not write program code to inter- 
pret softkey location.) 

A programmable beeper for audio feedback spans 4 octaves 
of musical notes on an even-tempered scale. Duration and 
volume of each note are also programmable. Four LEDs in- 
dicate power is on, instrument ready to digitize, softkey 
operation selected, or error. Two built-in self-tests either pro- 
vide verification that the unit is functional or aid in problem 
isolation. Graphics tablet utility software available as a 
separate product for use with the System 45B desktop com- 
puter includes a graphics editor to choose, place, delete, 
move, rotate, and rescale elements; a drawing utility to drawa 
picture, add text, create a data base, and plot; and a menu 
utility to create a program driver for interpreting a menu. 

Data transfer rate is programmable from 1 to 60 points/s to 
match the CRT-refresh rate and provide smooth cursor move- 
ment. X/Y coordinate data can be transferred either in standard 
ASCII format or as binary information, and a hysteresis circuit 
provides exceptionally stable data. Artwork defining softkeys 
and borders is embedded in the ceramic platen and will not 
wear Off. The active work area, including softkeys, is 9.3 x 11.8” 
(23.7 x 30.1 cm) and the area below the softkeys will accom- 
modate an 8.5 x 11” (21.6 x 28-cm) document. (If necessary, the 
work area can be extended to the full area by turning off the 
softkey functions.) The tablet is fully compatible through 
HP-IB and HPGL with the HP-85 personal computer, the 9800 
series of desktop computers, and the HP 1000 family of 
technical minicomputers. Hewlett-Packard Co, 1507 Page Mill 
Rd, Palo Alto, CA 94304. 
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RASTER DISPLAY SYSTEM DESIGN NOTE 5. 


How to Display True 
Color Images With 
Just 10 Bits/Pixel 


Do it with a Lexidata System 3400 Image 
and Graphics Processor. 


If you want true color 
images but don’t want 
to pay for the memory 
required by conventional 24 
bit/pixel systems, Lexidata’s 
System 3400 offers a 
practical alternative 
Through a combination of 
software algorithms and 
versatile hardware color 
lookup tables, the 3400 can 
reduce memory cost by over 
50% without significantly 
reducing image quality. 


Look at the picture above. 
Like most true color images, 
it has a limited number of 
colors relative to the entire 
spectrum. This phenomenon 
makes it possible to 
program the 3400's color 
lookup tables so that a 24-bit 
output, high-fidelity color 
image can be generated 
with only 10 bits of input 
pixel. 


The 3400's color imaging 
versatility lets you use the 
same configuration to 
display pseudo-color, simply 
by reloading appropriate 
parameters into the lookup 
tables. The system also 
offers a wide range of 
application-oriented 
options such as separate 
simultaneous output for a 
B&W monitor and RGB-to- 
NTSC converter with color 
subcarrier regeneration. 
ARS a a ena RRR 
GET MORE INFORMATION 
Send today for literature 
that will help you evaluate 
how the Lexidata 3400 can 
improve your computer 
graphics image. For 
immediate response 
call (617) 273-2700. 


(5 LEXIDATA 
CORPORATION 


37 NORTH AVENUE. BURLINGTON. MA 01803 


PRODUCTS 


RASTER SCAN 
COMPUTER GRAPHIC SYSTEM 


Operating standalone or as a terminal in 
distributed processing system, the 8600 
is available in two 8-color models with 
resolution of 320 x 240 and 640 x 480. In- 
sertion of additional frame buffer boards 
expands the 640 x 480 to 64 colors. The 
desktop system features multiple 
languages and operating systems, dual 
16-bit processors, ACM Siggraph sup- 
port, fill algorithms, zoning, smooth or 
line scrolling, zoom, simultaneous 
graphic/text display, and optional syn- 
chronization with external video signals. 
It also incorporates variable character 
generation and broad color selection. 
Number of color maps and colors in each 
are under software control. With a 
6-plane memory, 64 colors may be 
displayed simultaneously; a 3-plane 
memory provides 8 simultaneous colors. 
Output of maps produces 8 levels each 
for red, green, and blue, resulting in 512 
possible levels of intensity, saturation, 
and hue. Terak Corp, 14151 N 76th St, 
Scottsdale, AZ 85260. 
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POWER 
PROBLEN\S 


400-W DC TO DC CONVERTERS 


Series 1385 converters, capable of pro- 
viding 400 W, are well regulated, feature 
efficiency to 85%, and are characterized 
by effective suppression of spikes and 
ripple on output voltage. Std inputs are 
24, 48, 125, and 240 Vdc; std outputs in- 
clude 13, 24, 48, and 125 Vdc. Converters 
have a no-load power requirement of 
<5 W, making them efficient even at light 
loads, and adapting them for applica- 
tions requiring standby service. They are 
designed to operate at full rated power 
throughout an ambient temp range of 
— 30 to 65 °C, and are protected against 
overload, short circuit, and accidental 
reversal of input polarity. Measuring 
5.25” high and 12” deep (13.3 x 30 cm), 
units are designed for std 19” (48-cm) 
rack mounting. Wilmore Electronics Co, 
Inc, PO Box 1329, Hillsborough, NC 
27278. 
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MULTIPASS 
300-LINE/MIN PRINTER 


T-3000M high resolution printer operates 
in 3 printing modes: standard 300 
lines/min, double-high character, and 
multipass. Any mode can be selected on 
a line by line basis by the host computer 
without operator intervention. Char sets 
can be downstream loaded and can be 
changed on the fly during printing. An 
asynchronous communications adapter 
for remote printing is optional. The 
printer does not require preventive 
maintenance. Mannesmann Tally, 8301 S 
180th St, Kent, WA 98031. 
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SEMICONDUCTOR 
BULK STORAGE FOR PDP-11 


ExpandaSTOR-11, configured as a hard 
disc, combines the access time and data 
transfer rate of main memory with the 
capacity of disc storage. The semicon- 
ductor bulk store is said to improve DEC 
PDP-11 throughput by 2X to 9X. Access 
time is 350 ns and transfer rate is 231 
»s/256-word sector (72M bytes/s). Built-in 
error correction, write protect, and 
maintenance capability are std. Cambex 
Corp, 360 Second Ave, Waltham, MA 
02154. 
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The POWER CONDITIONING SYSTEM .... An energy efficient 
synchronous motor generator system that eliminates power-related 
computer problems. The Computer Products Division offers a 
money-back guarantee against all power quality related problems 
such as sags, surges, transients, brown-outs, and up to 500 milli- 
seconds of total black-outs! 


Sweinhart offers the most technically advanced Power Conditioning 
System available... at any price! The System II, 15 to 219 KVA, 
utilizes a digital read-out system and a System Status Panel that 
provides a central location for essential read-out information... 
for both the status of the computer system’s power and the 
facility's safety systems. 


Outstanding Features: 


e A 5 year limited warranty on motor generator (an industry first). 
e Digital Status Panel « Money-back guarantee e 6 to 8 weeks 
delivery ¢ Priced at the lowest cost per KVA in the industry. 


For complete information, call or write Richard N. Bowyer 


COMPUTER PRODUCTS DIVISION 
2900 East Olympic Blvd., Los Angeles, CA 90023 
(213) 264-1521 
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Multiple Interface Capability 
Announced for DEI Streaming 
Cartridge Tape Drives. 


Data Electronics, Inc., has announced multiple interfaces for its new 
10 and 20 MByte streaming 4" cartridge tape drives. The drives, 
which are specifically designed for Winchester disk backup, are now 
available with SMD, Priam and Shugart Associates interfaces. 

With these available interfaces, systems designers and systems 
houses can greatly reduce costly design time. Only final packaging 
and power supply are needed to up- NUE BB 10150 Sorrento Valley Road 
grade a floppy-based system to a 10 or =F Son tN ET NA 
20 MByte Winchester/Streaming Cart «74a 


Telex 69-7118 
ridge Tape Drive unit Data Electronics Inc. 
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Multi-User 


UniFLEX is the first full capability multi-user 
operating system available for microprocessors. 
Designed for the 6809 and 68000, it offers its 
users a very friendly computing environment. 
After a user ‘logs-in’ with his user name and 
password, any of the system programs may be 
run at will. One user may run the text editor 
while another runs BASIC andi still another runs 
the C compiler. Each user operates in his own 
system environment, unaware of other user 
activity. The total number of users is only 
restricted by the resources and efficiency of the 
hardware in use. 


Multi-Tasking 


UniFLEX is a true multi-tasking ee system. 
Not only may several users run differen 
programs, but one user may run several 
programs at a time. For example, a 
compilation of one file could be initiated while 
simultaneously making changes to another file 
using the text editor. New tasks are generated 
in the system by the ‘fork’ operation. Tasks may 
be run in the background or ‘locked’ in main 
memory to assist critical response times. Inter- 
task communication is also supported through 
the ‘pipe’ mechanism. 


The design of UniFLEX, with its hierarchical file 
system and device independent I/O, allows the 
creation of a variety of complex support 
programs. There is currently a wide variety of 
software available and under development. 
Included in this list is a Text Processing System 
for word processing functions, BASIC interpreter 
and precompiler for general programming and 
educational use, native C and Pascal 
compilers for more advanced programming, 
sort/merge for business applications, and a 
variety of debug packages. The standard 
system includes a text editor, assembler, and 
about forty ufility programs. UniFLEX for 6809 is 
sold with a single CPU license and one years 
maintenance for $450.00. Additional yearly 
maintenance is available for $100.00. OEM 
licenses are also available. 


FLEX” 


UniFLEX is offered for the advanced 
microprocessor systems. FLEX, the industry 
standard for 6800 and 6809 systems, is offered 
for smaller, single user systems. A full line of FLEX 
support software and OEM licenses are also 
available. 


Leia technical systems 
consultanty, IAC. 


Box 2570, West Lafayette, IN 47906 
(317) 463-2502 Telex 276143 


™UniFLEX amd FLEX are trademarks of Technical 
Systems Consultants, Inc. 
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SSR UPDATE 


We put a generation of know-how 
into this industrial I/O system 


PRODUCTS 


MICROPROCESSOR BASED 
PRINTER SYSTEMS 


A microprocessor controlled printer 
system for Hewlett-Packard 300/3000 
series 30/33 minicomputers offers 
speeds up to 1800 lines/min. The HPI-33 
controller includes Z80 microprocessor, 
Intel 8291 talker/listener for interfacing 
with GPIB, along with associated 
memory and logic circuits. The 13 x 7.625 
x 0.5” (33 x 19.36 x 1.27-cm) interface is 
installed within the printer cabinet and is 
daisy chained with other peripherals in 
std manner. Power is supplied by the 
printer. The program consists of 3 
modes of operation: program control 
mode, transfer mode, and test mode. 
Printers available for use on the con- 
troller include band printers operating at 
from 300 to 600 lines/min, drum printers 
with speeds of 300, 600, 800, and 1800 
lines/min; and a charaband printer run- 
ning at 1250 lines/min. Printers use 
either 132- or 136-col line length and a 
std ASCII 64-char set with 96 char or 
other sets as options. All use a direct ac- 
cess vertical format unit for operation 
with std HP operating systems. BDS 
Computer Corp, 1120 Crane St, Menlo 
Park, CA 94025. 
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Dual density, speeds to 75 ips 


World-wide computer data interchange 
Data acquisition, ATE, CAD, disc back-up and more 


| IBM and ANSI compatible formats 


| Transfer rates to 100,000 bytes/sec. 


(| Dual buffer to 16,384 bytes 


The Dylon Torporation 


3670 Ruffin Road, San Diego, CA 92123 (714) 292-5584 TWX: 910-335-1524 


or users of 
H-P, Tektronix 
and other 
desktop 
computers 


Dylon’s GPIB (IEEE-488) 
Ye-inch magnetic tape 
recording systems 


ALPHANUMERIC CRT 
DISPLAY TERMINAL 


VC2100 is compatible with and includes 
all features of the DEC VT100, plus ad- 
vanced video, key selectable jump, 
smooth scroll, double-size and double- 
width characters, status line, 8 program- 
mable string keys, and host savable set- 
up control. It also includes home and 
clear keys, local or remote copy, stored 
set-up mode parameters, green or amber 
nonglare CRT, full- or half-duplex opera- 
tion, and optional RS-449 interface ac- 
cessory. Volker-Craig Ltd, 266 Marsland 
Dr, Waterloo, Ontario N2J 3Z1, Canada. 
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OPEN FRAME 
POWER SUPPLIES 


Power Chassis series consists of 4 
1-output models: 5 V at 3,6, 12, and 18 A; 
6 2-output models: +12 V at 1, 2,and3A; 
and +15 Vat 1, 2, and3A; and 6 3-output 
models: 5V,3 A with +120r +15 Vat 2 
A,and5V,12A with +12 0r +15 Vat 2 
A. The units accept 115- or 230-Vac input 
at 48 to 440 Hz with voltage selection 
done by input connection. Input voltage 
tolerance is +10%. Line regulation is 
0.05% and lead regulation is 0.1% for 
5-V outputs and 0.05% for +12 and 
+15-V outputs. Outputs are protected 
by a foldback circuit for all 5-V outputs 
and current limiting for dual outputs. 
Output voltage tempco is 0.02%/°C max 
and output ripple voltage is 2 mV rms 
max. Datel-Intersil, 11 Cabot Blvd, 


Mansfield, MA 02048. 
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KYNAR’' gives you another advantage. 


COST- 
SAVINGS. 


In many cases, for less cost than 
other fluorinated insulations, 
KYNAR PVDF gives you 
abrasion and cut-through 


protection plus excep- 


tional compatibility with 
wire-wrap equipment., Get 
full information. Write KYNAR, 


Pennwalt Corporation, a 
Three Parkway, Philadelphia, PA 
19102. Or call (215) 587-7514. 


= MENNWALT 


CHEMICALS @ EQUIPMENT 
HEALTH PRODUCTS 
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®KYNAR is a registered trademark of Pennwalt Corporation 
for its polyvinylidene fluoride. 
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Able offers a magnificent memory for the full PDP-11/34 series. 


The Incredible 
8K Cache 


This is the ultimate version, the 8K 
cache with everything. You have never 
seen one like it before, and you may 
never see another. Designed for the 
11/34, 11/35 and 11/40, it has 
byte and address parity, 
upper/lower limit switches, 
on-line/off-line manual switch 
control, activity indicator lights, 
8K bytes of memory (4K 
words) providing a capacity 
four times that of competitive 
units and an interconnect 
board design which 
consumes no extra space 

in the computer. 


Actual 


That’s why there is always 
room in your computer for this 
incredible cache. You should put 
one there, especially if you are the 
kind of guy who likes to optimize his 
system for top performance. Our 8K super- 
charger lets you tailor performance to match 
your application and to establish hit-ratio 
optimization. It indicates hit rate and parity error 

immediately and, if errors are detected, shuts off 
automatically without ever interfering with system 
operation. It is, in fact, the only intelligent buffer memory 
turned out by an independent manufacturer. 


There are two models available, Cache/434" and Cache/440° Both are 
priced competitively and are available within thirty days. Write for 
details. We’ll also include information on our other buffer memories as well 
as add-in memories, quad interface boards, bus 
repeaters and LSI adaptors. When you see what we 
send you'll know why we consider ourselves the leader 
among manufacturers of DEC* enhancements. CACHE/440 


Able, the computer experts 


ABLE COMPUTER, 1751 Langley Avenue, Irvine, 
California 92714. (714) 979-7030. TWX 910-595-1729. 


ABLE COMPUTER-EUROPEH, 74/76 Northbrook Street, 
Newbury, Berkshire, England RG13 1AE. (0635) 32125. 
TELEX 848507 HJULPHG. 
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PRODUCTS 


QUAD ALPHANUMERIC 
DISPLAY CONTROLLER 


Multibus compatible MSBC-QV2 
features 4 separate and independent 
video outputs on a single card. Permit- 
ting lower cost/display controller than 
was previously possible, the device is 
most cost effective in applications re- 
quiring terminal clusters, where a single 
card can replace 4 terminals. It also of- 
fers order of magnitude speed advan- 
tages because of video memory access 
instead of serial RS-232-C. The board 
uses the Synertek/Rockwell SY6545 CRT 
controller chip and advanced circuit 
design techniques to enable users to 
program the board’s format and features 
through software. Programmable 
features include character cell sizes of 
from 6 to 11 dots horizontally and from 8 
to 32 dots vertically; screen format of 
from 16 to 128 char/line on 8 to 25 lines 
(noninterlaced) or up to 50 lines with in- 
terlace; and character size of 1-16 clock 
times/char dot horizontally and 1, 2, or 4 
scan lines/char dot vertically. Matrox 
Electronic Systems, Ltd, 5800 Andover 
Ave, TMR, Quebec H4T 1H4, Canada. 
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C&TE has a secret to its service. It's Mary Caughman 
Mary and her crew literally wait for you to call for 
microcomputer parts between 8-5 Central Time. It’s her 
job to take your order for DEC* system parts and get 
them out as fast as physically possible. And she has 
many flights a day out of Pensacola, Florida to 
accomplish her mission. You can depend on Mary 

to get your order on the first flight available. 


@ Mary has parts not even the manufacturer can 
deliver. That's because C&TE carries an inventory 


@C&TE buys in big quantites and shares the discounts 
with you. Many items are priced under manufacturer's 
list. So don't call them, 


Call Mary (904) 434-1022 


WINCHESTER 8” DISC DRIVE 
EVALUATION KIT 


Package, including SA1002 8” (20-cm) 
rigid disc drive, SA1400 intelligent fixed/ 
floppy disc controller, interface cables, 
and support documentation, is intended 
as a low cost evaluation tool for those 
who have not previously designed 
systems using Winchester technology. 
The SA1002 drive features 5.3M bytes of 
fixed disc storage (unformatted), 
transfer rate of 4.34M bits/s, and average 
access time of 70 ms. The micropro- 
cessor based SA1400 controller handles 
up to 4 drives in any combination of fixed 
and floppy. It performs control functions 
and data transfers between host CPU 
and requires no additional data 
separator logic. The package operates 
on a 110-V power supply at a clock rate 
of 50 Hz. Shugart Associates, 475 
Oakmead Pkwy, Sunnyvale, CA 94086. 
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Give her a try. 


you'd envy 


coe COMPUTER | 2 
—— & TERMINAL 


EXCHANGE 114€ Gregory Street. Pensacola FL 32501 
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10M-BYTE CARTRIDGE 
DISC DRIVE 


Model 9310/9320 provides up to 40 times 
more storage than was available on the 
1500 small business system and 10 
times more than was available on the 
1800. The 9310 consists of a disc drive 
and controller; the 9320 includes a disc 
drive, controller, and 4-terminal serial in- 
terface. A diskette drive is included as a 
backup for the cartridge. Both pro- 
cessors can support up to 4 9310/9320 
drives for a total of 40M bytes of disc 
storage. Datapoint Corp, 9725 Datapoint 
Dr, San Antonio, TX 78284. 

Circle 212 on Inquiry Card 


ARRAY PROCESSOR FAMILY 


With similar architecture and software 
support, the 460, 470, and 480 offer pro- 
cessing flexibility. The single-channel 
floating point 460 is designed for use 
with minicomputers. Midsize computers 
such as the DEC VAX-11/780 will inter- 
face with the 2-channel intermediate 470. 
Model 480 is a 4-channel high speed pro- 
cessor designed for use with large main- 
frame computers such as the Univac 
1100/80 and the IBM 370. Datawest Corp, 
7333 E Helm Dr, Scottsdale, AZ 85260. 
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KYNAR gives you another advantage. 


DIELECTRIC 
STRENGTH. 


KYNAR PVDF wire insulation 
protects against leaks. 
Dielectric strength: 

1280 volts/mil. Choose 
KYNAR, too, for excellent 
mechanical properties 

over a broad temper- 

ature range. Get full 
information. Write KYNAR, 
Pennwalt Corporation, 

Three Parkway, Philadelphia, 
PA 19102. Or call (215) 587-7514. 


a MENNWALT 


CHEMICALS @ EQUIPMENT 
HEALTH PRODUCTS 


®KYNAR is a registered trademark of Pennwalt Corporation 
for its polyvinylidene fluoride. 
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Computer 


Sciences 
Corporation 


portunities at the 
Software/Hardware Interface 
—from both directions. 


If you’ve been under the impression that 
systems software upstages systems engineer- 
ing here, you're probably not up to date on 
the contract mix at CSC Systems Division. 


Turnkey systems. 


More and more, turnkey systems are 
bringing together our software systems en- 
gineers and our hardware systems engineers, 
along with the programmer/analysts and the 
hardware designers, in complementary 
teams. 


What most of us quickly discovered is that 
working at the software/hardware interface 
can be considerably more challenging, and 
certainly more interesting, than working in a 
narrow, rarefied software environment ex- 
clusively, or in a strictly hardware devel- 
opment-oriented atmosphere. 


And we’re proud to say that the track 
record of our people has proven that when the 
best systems software specialists can col- 
laborate with the best systems engineers... 
virtually anything is possible! 


THE SOFTWARE SYSTEMS SIDE 


Includes opportunities at all levels for 
programmer/analysts fluent in: 
COBOL @ FORTRAN @ HP ASSEMBLER 
PL-1 ¢ TOTAL 
PASCAL @ ASSEMBLER... 
and experienced with 
HP 1000, HP 3000, HP 21-MX, 
SYSTEM 2000, UNIVAC 1108/1100, 
H LEVEL 6, PDP 11/70, H-6000, 
IBM 360/370, TANDEM 


THE HARDWARE SYSTEMS SIDE 


Includes opportunities at all levels for systems 
and design engineers qualified 
to contribute to these systems and tasks: 


Spread Spectrum Communications ® Digi- 
tal Communications Systems ® Data 
Networks & Protocols ® System Control 
Real-Time Systems ® Management & Plan- 
ning ® Software Verification & Validation 
Message Switching ® Satellite Communica- 
tions ® Transmission & Communications 
Processing ® Interoperability © Systems 
Testing © Hardware Requirements Analysis 


For more details and immediate consideration, please forward your resume to 


The Director of Professional Staffing, Dept. MC/2 18-JU. 


The only limitations are the ones you bring with you. 
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SYSTEMS DIVISION 
6565 Arlington Boulevard 
Falls Church, VA 22046 


An Equal Opportunity Employer. M/H/H. 
COMPUTER DESIGN/INOVEMBER 


1980 


IP8500...MORE IMAGERY, 
MORE FEATURES, LESS COST 


DeAnza's new IP8500 image processing and display 
system introduces a new concept in imagery 
more for less 

It just may be the most powerful system you've seen 

It has 16 memory controllers handling an 
unprecedented capacity of up to 16 512x512x8 bit image 
memories. Its array processor easily handles 8 and 16 bit 
data with 32 bit results including real-time multipliers 
with 8 bit inputs and 16 bit outputs. 


The |P8500 has up to four independent output channels 


with split screen capability, multiple look-up tables and 
8 bit DACs for 256 levels of intensity for each primary 
color on a RGB color monitor or three separate mono 
monitors. It also provides high speed warp and rotation 
with anti-aliasing of a 512x512x8 bit image for warp/- 
distortion correction or image manipulation 

Features or include independent integer zoom of 
2:1, 3:1, 4:1, 5:1, 6:1, 7:1, 8:1; pan feedback intensity 


DE ANZA 
SYSTERS 


1P3508 


DE Anza 
SYSTERS 


TPB 588 


Images compliments of |PL— Rensselaer Polytechnical Institute 


translation tables, 
four independent 
alphanumeric 
overlays and dual 
cursor generators 
as well as high 
speed vector and 
special function 
generators. 

If you're responsible for LANDSAT analysis, NDT, 
process control synthesis, remote sensing, three-dimen- 
sional computer graphics or other image processing and 
analysis applications which call for single or multi-station 
high resolution color, multi-image mono or pseudo color 
displays, find out more about the new DeAnza IP8500 

Call or write today and find out why more is 
suddenly less. 


De Anza Systems Incorporated 


CORPORATE HEADQUARTERS: 118 Charcot Avenue, 

San Jose, CA 95131. (408) 263-7155. TWX: (910) 338-7656 
REGIONAL OFFICES: 100 First Ave., N.E., Suite 114G, 

Cedar Rapids, IA 52401, (319) 364-1366 e 3918 Prosperity Ave., 
Suite 204, Fairfax, VA 22031. (703) 560-6210. 


GIVE YOURSELF A BETTER IMAGE 
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PRODUCTS 


80-COL, 120-CHAR/s 
THERMAL LINE PRINTER 


262 


PL-80E head design features a 1 x 16 line 
of dots and a hard tooled printing 
mechanism. The printhead provides 7 x 
11 dot matrix printing in a 9 x 16 field 
with all 96 ASCII characters printable. A 
compressed printing feature increases 
the number of columns from 80 to 132. 
High resolution graphics can be pro- 
duced with the user able to define each 
dot. Up to 120 char/s can be printed. Five 
interfaces, self test, manual line feed, 
and a warning bell are standard. Telpar 
Inc, 4132 Billy Mitchell Rd, Addison, TX 
75001. 
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CRT design 


advantage—match up with Triad. We manufacture 
a full line of standard CRT yokes, flybacks and fila- 
ment power transformers, both OEM and replace- 
ment components. In all probability we can serve 
your needs from our vast parts inventory. But if 


your requirements 


are specialized, our profes- 
sional team will custom de- 
sign to your specifications. 


Either way, you'll have the 
Triad advantage. 


[H TRIAD-UTRAD 


Litton Distributor Services 


305 North Briant Street 
Huntington, Indiana 46750 
219-356-6500 

TWX 801-331-1532 
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ENHANCED CAPABILITY 
INTELLIGENT TERMINAL 


Enhanced version of ZMS-40 user pro- 
grammable terminal incorporates an 
8085A microprocessor, extended 
character generator, hidden attributes, 
up to 32k RAM, 8k ROM, full interlace, 
customized firmware and software, and 
a telecommunications interface that 
functions in both synchronous and asyn- 
chronous modes. Designed to provide 
performance and flexibility in word and 
data processing applications, the 
upgraded model features an attached 
96-char keyboard, including 14-key 
numeric pad, 12 special purpose func- 
tion keys, and 16 programmable function 
keys that operate in both shifted and 
nonshifted modes. The 12” (30-cm) 
nonglare video screen offers 24 lines of 
80 char plus a 25th line for operator 
messages and status information. 
Zentec Corp, 2400 Walsh Ave, Santa 
Clara, CA 95050. 
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200-CHAR/s REMOTE PRINTER 


Dual microprocessor control on 2510 
series remote printing stations provides 
up to 200 char/s. A 9-pin matrix printhead 
is used for bidirectional printing with full 
underlining and true descenders. Model 
2511 is an RO configuration, while 2516 
is a KSR unit with full keyboard. A 
1200-baud print rate can be sustained 
with bursts of 19.2k baud. A dc motor 
powered lead screw drives the printhead. 
The KSR version measures 21.9 x 18.5 x 
8.5” (55.6 x 47 x 21.6 cm) and weighs 40 
Ib (18 kg). Digi-Data Corp, 8580 Dorsey 
Run Rd, Jessup, MD 20794. 
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We’ve designed a complete line of 
alphanumeric display modules so that you 
won't have to. Many of them simply require 
+5VDC and TTL level ASCII data from your 
host system to operate. What could be 
easier? 

Some models are priced at under $100 in pro- 
duction quantities. These are not stripped- 
down loss leaders; they are quality IEE, 
microprocessor-controlled modules... pro- 
ducts that you will be proud to incorporate 
into your designs. 


Need a second source? Four models are 


Tell me more! 


MIND YOUR 
OWN BUSINESS! 


VYacuum F luore 


of 


IEE WILL TAKE CARE OF YOUR DISPLAY NEEDS 


m 


YOUR PRODUCT CAN BENEFIT FROM USE Ol 
ONE OF OUR ALPHARURER IO DISPLAYS 
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40 Character 


enhanced drop-in replacements for displays 
for which you previously had only one 
source. Best of all, every IEE module comes 
with the quality and factory support that IEE 
customers have come to rely upon. 


So, if you are considering alphanumeric gas 
plasma, vacuum fluorescent or liquid crystal 
display modules, and if you need between 10 
and 960 characters, and are looking for a 
company that you can always depend upon 
... let IEE help! 


One look and you’ll see why they call us “The 
Display Maker’! 
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My applicationis: _ = wl re 
Please have your sales representative contact me: 


( )- 


AREA CODE PHONE NUMBER 
The NAME 
Display COMPANY 
Maker 

ADDRESS 


EXT 


INDUSTRIAL PRODUCTS DIVISON 


INDUSTRIAL ELECTRONIC ENGINEERS, INC. 
7740 Lemona Ave., Van Nuys, CA 91405 
(213) 787-0311 @ TWX 910-495-1707 
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Precise Solutions —-— 
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PRODUCTS 


256 x 26-DOT MATRIX ARRAY 
FLAT FLUORESCENT PANEL 


The randomly addressable ‘‘itron’’ 
DM256X26B, a 256-dot long x 26-dot wide 
flat vacuum fluorescent panel provides a 
continuous closely spaced dot pattern 
that emits high luminance and uniform 
blue-green display over a wide viewing 
area. It can display side to side scrolled 
messages, expanding or contracting dot 
matrix graphics, symbols, hieroglyphics, 
multisize alphanumerics, and varied pat- 
tern thicknesses and shapes. Phosphor 
dot pattern array measures 16.65-mm 
wide and 166.15-mm long. Each bright 
output dot is 0.4-mm square aligned be- 
tween dots spaced on 0.65-mm centers 
in both X and Y directions. Complete 
panel size is 60 x 226 x 12 mm. 
Luminance is 200 ft-L typ, while 
luminance efficiency is 5.2 L/W. Noritake 
Electronics, Inc, 22410 Hawthorne Blvd, 
Torrance, CA 90505. 
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GANG EPROM PROGRAMMER 


An addition to the Smarty P/ROM pro- 
grammer, the 16-socket programming 
slave Sweet 16 allows 16 EPROMs of up 
to 32k bits to be programmed. Fifteen 
units can be daisychained for program- 
ming of 240 EPROMs simultaneously. A 
software intensive architecture makes it 
unnecessary to use pinout adapters 
when changing from one device type to 
another. A 2-char device selection and 
command code selects a device, lights 
an LED to confirm selection, and then 
initiates programming. Sunrise Elec- 
tronics, 524 S Vermont Ave, Glendora, 
CA 91740. 
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NEW FREE 


Switching 


supply 
Catalog 


56 pages of useful information 
Reserve your copy now.. 


152 Will Drive Canton, MA 02021 
re! 2a Sees Tel. 617-828-6216 
pel cml Twx. 710-348-0200 
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BICOLOR DISCRETE 
LED INDICATORS 


Discrete LED indicator lamps 521-9177 
and -9178 are intended for high density 
packaging applications; -9177 is a 
2-leaded device with red and green GaP 
chips mounted in parallel (with polarities 
reversed); -9178 is a 3-leaded device with 
red and green chips operating in- 
dependently. Luminous intensities are 
1.8 and 1.5 mcd, respectively, at 10 mA 
max. Both devices are available in T-1% 
packages with diffused dome lenses. 
Dialight, 203 Harrison Pl, Brooklyn, NY 
11237. 
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Fast, 
lowcost 
printer. 


This DC-4004A discharge printer 
prints 48 columns at 144 cps. Printing 
alphanumerics in 5 x7 matrix format on 
4.72" paper, its MTBF is 144 million 
characters. Just 2.6" H x 6.7” W x 5.9” 
D, it’s only $127 in 100 quantity. Other 
printers with interface electronics 
available. 


900-LINE/MIN 
BAND PRINTER 


B-900 includes interchangeable 48-, 64-, 
and 96-char set bands as well as 
specialized and foreign char sets. Print 
speed is 1100 lines/min at 48 char, 900 
lines/min at 64, and 600 lines/min at 96. A 
diagnostic display monitors printing 
status at all times and a self-test feature 
allows performance monitoring indepen- 
dent of the computer. Parallel interface 
is std, but synchronous and asyn- 
chronous serial interfacing is available 
for remote operation. Southern Systems 
Inc, 2841 Cypress Creek Rd, Ft Lauder- 
dale, Fl 33309. 
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Call or write HYCOM, 16841 Armstrong 
Ave., Irvine, CA 92714 — (714) 557-5252 


HYCOM 
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PRODUCTS 


23M-BIT MILITARIZED 
TAPE SYSTEM 


SETS-1 is a high performance storage 
unit for severe applications. A compact 
drive module is coupled to a sealed 
removable tape module with a 23M-bit 
capacity at 1600 bits/in (630/cm). The unit 
has bidirectional R/W capability on 4 
tracks with a 192k-bit/s transfer rate and 
hermetically sealed media to prevent 
contamination. It has an operating 
temperature range of — 40 to 71 °C and 
meets MIL-E-16400, 5400, and 4158. EMM 
Sesco, 20630 Plummer St, Chatsworth, 
CA 91311. 
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Cadillac quality... Ford prices 
immediate Delivery « OEM Discounts 


* UL 478. 


Model VQ5-3C 


DM 


AC 32 
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e 3-year warranty. 
¢ Barrier terminals. 
* Socketed I.C.’s & Semi’s. 


For complete details on our ‘Value Line’, 
send for bulletin 137. 


NTro i 

r / 

Wissahickon Avenue » North Wales, PA 19454 
Tel: 215/699-9261 Twx: 510/661-8061 


INSTRUMENTATION 


Model FM-4-4 offers 4 channels 
(record/reproduce) in a lightweight, bat- 
tery powered package. Multispeed 
feature allows 8 to 1 time expansion/con- 
traction capability along with a dc to 
4-kHz frequency response. Voice com- 
ments (data interrupt channel 1), 
rechargeable battery pack, and remote 
control operation are all std. Ac or dc in- 
put coupling is provided and signals of 
100 mV to 5 V peak may be recorded. 
Peak signal levels in record or reproduce 
modes may be monitored on separate 
channel meters. Input signals are 
amplified and buffered and are available 
at output BNC connector when record 
push button is depressed. Buffered out- 
put is amplified to provide 1.0 V zero to 
peak for full scale input signal, 
regardless of sensitivity range selected. 
Dallas Instruments, Inc, PO Box 38189, 
Dallas, TX 75238. 
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bo-sherrel co. 


‘ 6101 JARVIS AVENUE 
NEWARK, CA 94560 
(415) 792-0354 


MINICARTRIDGE RECORDER 
COMPUTER SYSTEM 


Designed for low cost and compactness, 
the STR-610 uses std 3M DC-100A 
minicartridges, and interfaces with 
mini/microcomputer systems using std 
programmable peripheral interface (PPI) 
devices, peripheral interface adapter 
(PIA) devices, or parallel interface con- 
trollers (PIO). Alternately, interface can 
be hooked directly into the system via 
the bidirectional address/data bus. Inter- 
face rate is 1.8k bytes/s. Within a 
system, strings of up to 4 drives can be 
set up with one drive acting as master, 
and providing formatting network for 
slave devices. PE recording is used while 
retaining an 800-bit/in (314/cm) density 
for data reliability via Speed-Tolerant 
Phase Encoded Recording decoding 
technique. Overall capacity is 168k 
bytes/track giving a 2-track total of 336k 
bytes. Electronic Processors, Inc, 1265 
W Dartmouth Ave, Englewood, CO 
80110. 
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If you don’t need dial-up and 

you're looking for an inex- 

pensive local or in-house 
communication link that’s 

RS-232 compatible, then 

consider a pair of our M-1 
asynchronous short haul 

: modems. Purdue University, 
Princeton University, NASA, the U.S. 
Navy and many others have found 
that our M-1's are a cost effective 
way to solve communication prob- 
lems up to 10 miles or 9600 bps. 


Rack mount configuration is avail- 
able too. If you need synchronous 
transmission ask about our M-2 
synchronous short haul modem. 


Write or call us now 
for a data sheet 
and complete price 
information. 


*100 Quantity 
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PRODUCTS 


UPDATED PORTABLE 
DUAL-CHANNEL OSCILLOSCOPE 


Modifications to the 1032A bench/por- 
table oscilloscope include increasing 
the range to 25 MHz, as well as pushbut- 
ton selection of ac/dc input coupling and 
a full and active TV sync stripper. Filters 
in the latter circuit are selected by 
switching logic on the sweep range con- 
trol to provide automatic sync on either 
TV line or frame, depending on sweep 
speed range selected by the operator. 
Ballantine Laboratories, Inc, PO Box 97, 
Boonton, NJ 07005. 
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VIDEO INTERFACES FOR 
Q-BUS/UNIBUS SYSTEMS 


Direct access alphanumeric and graphic 
video display interfaces for the Q-Bus 
and Unibus systems are available for use 
where serial display terminals are inade- 
quate. Applications combining interac- 
tive portions of the monitor screen with 
realtime background display in split 
screen formats, such as in control room 
settings, are an example. The VIURAM 
interfaces employ onboard memory in a 
dual-port transparent design, thereby 
eliminating CPU contention problems. 
Peritek Corp, 3014 Lakeshore Ave, 
Oakland, CA 94610. 
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VARIABLE RELUCTANCE 
STEPPING MOTORS 


Size 20 MR 209 and 206 stepping motors 
have a 15-deg (0.26-rad) step angle, step 
error of 0.5% of step angle with no load, 
and holding torque of 42 oz-in (0.294 
N-m), and operate at 24 steps/r in temp 
range of —20 to 170 °C. Nom current is 
1.4 A, rotor inertia is 12 g.cm? with stiff- 
ness at 2-deg (0.0349-rad) deflection. The 
206 also includes integral lead screw. 
Muirhead Vactric, 1101 Bristol Rd, Moun- 
tainside, NJ 07092. 
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There’s only one modular 


encoder worth buying. 
DATA TECHnology’s M-20. 


Reflect on that! 


Over three years in development. M-20, 

the best performing modular encoder in 

the industry. Well engineered. Dependable. 
100's of applications. Factory pre-alignment 
makes installation time minimal. The only tool 


required is an allen wrench. Compare costs 
and specs. Then, compare performance. M-20, 
the only modular encoder worth buying! 


DATA TECHnology. | 


LOGIC PROBE AND KIT 


Model 205 ‘‘Catch-A-Pulse’”’ handheld 
logic probe and model 205-K kit analyze 
and troubleshoot logic gates and se- 
quential circuits. The probe, similar in 
size to a felt tip marker pen, has LED 
display for Hi, Lo, pulsing, or open cir- 
cuit logic states. It automatically adjusts 
to the proper DTL, TTL, MOS, CMOS, or 
microprocessor circuit thresholds when 
its leads are connected to the IC circuit 
power supply. Triplett Corp, 1 Triplett Dr, 
Bluffton, OH 45817. 
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Custom Cable 
Assemblies 


We specialize in high 
quality electronic cable 
assemblies involving 
computer interfaces, test 
probes, hybridization, 
molded connectors, 
Mil-spec soldering and 
icrominiature applica- 
tions. We'll design 

and manufacture any 
quantity including 

’ prototypes, with fast 
delivery at the lowest 
possible cost. We also 
engineer complete cable 
assembly systems for 
special applications. 


Send for catalogs. 


NATIONAL ELECTRIC CABLE 


1730 Elmhurst Rd., Elk Grove Village, IL 60007 (312) 593-8100 
16566 S.W 72nd Ave., Portland, OR 97223 (503) 620-9400 
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(800) 323-6604 
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If you think all you'll work on at Vought 


is military aircraft, think again. 


Vought is many things to many people, and we’re 
becoming more things to more people year after 
year. 

For example. The U.S. Army recently awarded 
us a multi-million dollar contract for our Multi- 
ple Launch Rocket System (MLRS). It’s known as 
the ‘‘Soldier’s System” and from its mobile 
launcher, it can ripple fire all of its individually 
aimed free-flight rockets in less than a minute. 

In space, a Vought development, carbon- 
carbon, forms the nose cap and the wing leading 
edge structure of the Orbiter to protect it against 
temperatures up to 3,000°F. We also developed 
the heat-dissipating radiator that maintains the 
required temperature levels for the Orbiter’s sys- 
tems and crew. 

From missile and rocket system engineering to 
space engineering and everything in between, 
we're doing many things at Vought. Things that 
will interest you, excite you, spark your imagina- 
tion, and let you use your talents and experience 
to the fullest. 


re 
5 {ah itil 
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Write us about your field of interest. Tell us 
what you'd like to do, what you’d like to ac- 
complish. Because of our diversity, you can go as 
far as you want to go at Vought. 


A partial list of openings for experienced specialists: 
Visual Systems/Simulator Design ¢ Electronic 
Circuit Design * Engineering Software ¢ Inertial 
Systems ¢ Electro-Optics Sensors * Digital Systems 
Design * Laser Radar Systems * Guidance Systems 
Analysis * Optimal Control Systems * Package 
Design * ATE Software 


Send your resume to: 

Vought Corporation, clo Point Communications, Inc., Dept. CD1107, 
Plaza of the Americas, 1700 South Tower! Lock Box 200, 

Dallas, Texas 75201 


Our diversity may surprise you. 


VYOUSERr 


an LTV company 


We Believe in E.0.E. & We Practice E.0.E. 
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At$795' how 


ies 


toughcan 


these new Tigers be? 


Introducing the new Paper Tiger™ 
445 with the most rugged printing 
mechanism ever put in a low-cost 
matrix printer. 

The 445 comes with a reliable ballis- 
tic-type print head and an advanced 
cartridge ribbon that lasts four times 
longer than many cassette or spool 
ribbons. Two separate heavy duty 
motors drive the print head and 
advance the paper. Plus you get true 
tractor paper feed. 

And the new 445 gives you the per- 
formance you expect from the Paper 
Tiger family of printers. You can soft- 
ware-select character sizes, print 
80- and 132-column formats, adjust 
paper width and length, even gen- 
erate six-part business forms. All at 
unidirectional print speeds to 198 
characters per second. 
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Need more stripes? Specify DotPlot™, 
a sophisticated raster graphics option. 

For any low-cost business system, 
CRT hard copy, industrial control 
or scientific application, this is your 
Tiger. The tough new Paper Tiger™ 445 
from IDS. 

The people who invented low-cost 
matrix printing just growled. 

Call TOLL FREE 800-258-1386 (in 
New Hampshire, Alaska and Hawaii, 
call 603-673-9200. ) 

Or write: 
Integral Data 
systems, Inc. 
Milford, New 
Hampshire 


03059. 


Pa 
Tiger <<5 


re Integral Data Systems, Inc. 


*Single unit U.S. price. Generous OEM discounts available. 
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PRODUCTS 


DOCUMENT PRINTER 
FOR IBM 3270 


Model 2120 demand document printer, 
developed for use with the IBM 3270, 
provides immediate access to the last 
printed document, and a tear-off bar pro- 
vides clean cut-off just below the last 
printed line to avoid wasting forms. It is 
available in type B (3271/72) or type A 
(3274/76) compatibility (including SDLC), 
and in all buffer sizes. Interface 
Systems, Inc, 462 Jackson Plaza, Ann Ar- 
bor, MI 48103. 
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The ICP DIRECTORY ‘80 was first published in 1967 and is recognized as the foremost 
source for solutions to information processing problems. Over 7000 products and ser- 
vices, and over 2,000 corporate descriptions of IP&S vendors are contained in six 


volumes, which are updated every six months. 


THE ICP DIRECTORY 
—Six Volumes— 
—Published Twice Each Year— 


oes Processing Management — systems 
‘oducts & services for mediun 


lic pr 
ces addressing the admini strativ 

counti ng & financia’ | areas of ft any bak usiness 

disciplini 

Bur sass: Managemen es ine ay. Shera 


Applications = pro Sa Send me additional information 


purchase 


Name 
Company 
Address 


City 


Mi thal is Pr cetel ct & Se vice Su uppers = 
Saying Bek el sbegsens ptio: 


Telephone Number 


fn the information pro saning incur. 


ae If you need immediate information on the DIRECTORY '80 call toll free 1-800-428-6179 
International Computer Programs, Inc. © 9000 Keystone Crossing ® Indianapolis, Indiana 46240 


You can have the ICP DIRECTORY ‘80 for 10 days, with no 
purchase. Use it to evaluate information processing solutions by cost 
specifications, competitionand more 


n the ICP Directory ‘80 
Please have a Sales represen tati ve call me 
Send the ICP Directory ‘80 on a 10-day trial, with no obligation to 


FIXTURE CARDS FOR 
BACKPLANE TESTER 


NF600 series features design im- 
provements that make it easier for users 
to manufacture extender boards which 


adapt std modules to backplane shelves: 


and connectors of various sizes. Gold 
fingers on the card mate with std card 
edge connectors. User supplied card 
edge connectors fit extender boards of 
various thicknesses for flexibility. 
Plated-through holes spaced for ribbon 
cable headers are also provided. Con- 
taining solid state switching and logic 
necessary for continuity testing, the 
cards are electrically compatible with 
the company’s other fixturing methods 
for interconnect verification. Custom ICs 
on the cards carry out addressing and 
testing functions directly at the unit be- 
ing tested. Each fixture card has a pair of 
flexible 14-wire daisy chain cables which 
connect it to other cards in series. Units 


come in 64-, 88-, and 128-pin sizes to ac- 
commodate a range of backplane con- 


nectors. Teradyne, Inc, 183 Essex St, 
Boston, MA 02111. 
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THE 


VACUUM FLUORESCENT 
DISPLAY MODULES 


Vacuum fluorescent 14-segment type 
display modules require ASCII serial or 
parallel data and 5 Vdc. The Flip 3700 
series of 7 displays includes some that 
are less than 1” (2.54 cm) deep and some 
that are “drop-in” replacements for 
modules previously offered by only one 
supplier. Modules will display upper 
case letters, numbers, symbols, and 
punctuation. Industrial Electronic 


Engineers, Inc, 7740 Lemona Ave, Van 
Nuys, CA 91405. 
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EAD blowers will help keep 
your product running cool. 


Quietly and 
COOLERS :::: 
ball bearing 


construction is just one indication of the ex- 
ceptional quality. There are single and dual 
centrifugal blowers. Filtered box blowers. 
Mixed flow blowers. And more. 

There’s another way to cool it. With EAD 
fans. Vaneaxial. Propeller. Tubeaxial. 

If you’re moving air, from 3 to 2000 cfm, 
EAD has a wide choice of standard solu- 
tions. With over 35 years experience, we 
can also tackle your special design 


Phone or 
write. 


obligation to 


Title 


problems. We’ll help you 
keep your cool. 


¥ 


Eastern Air Devices 


Motor Div. of Electro Audio Dynamics Inc., Dover, N. H. 03820 


Tel. (603) 742-3330 © TWX (510) 297-4454 
EAD, Hoitzer-Cabot and Janette motors EAD) 
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Our New grafixPLUS™ 80-column printer 
opens wide for easy servicing. 


Introducing the newest members of our it-in and print. Also standard are: a sophisticated 
grafixPLUS™ family—the DP-9000 Series 80/132 communications interface for printer control and 
column printers—built on the same tradition of full point-to-point communications, DEC PROTO- 
quality printout, solid design and low cost of COL, and a 700 character FIFO buffer. An addi- 
ownership established by our 132/220 column tional 2K buffer is optional. 

DP-9500 Series. When you're ready for a printer (or several 


thousand), look into the grafixPLUS DP-9000 Series 
from Anadex—you'll find an open and shut case 
for quality. Contact us today for details, discounts 
and demonstrations. 


A Case for Serviceability 

Not that is comes up often, but want to get inside? 
Simple. Just remove a few screws and the clam- 
shell case swings open exposing all major compo- 
nents. This easy access plus built-in self-test and ry 


minimum component count yields an MTTR of one- 
half hour. The 9-wire print head replacement’s even Anadex : 
simpler... two screws and it’s out. Without ...the plus in printers 


opening the case. And without a service call. 


Performance Plus 
The DP-9000 Series prints the full ASCII 96 charac- 
ter set, including descenders and underlining, bi- 
directionally, at up to 200 CPS. Number of columns 
can go up to 80 or 132, depending on character 
density—switch or data source selectable from 10 
to 16.7 characters per inch. And all characters can 
be printed double width. The print head produces 
razor-sharp characters and high-density graphics 
with dot resolutions of 72X75 dots/inch under 
direct data source control. 


Interface Flexibility 

The three ASCII compatible interfaces (parallel, 
RS-232-C and current loop) are standard, so con- 
necting your computer is usually a matter of plug- 


SALES OFFICES: San Jose, CA (408) 247-3933 
Fullerton, CA (714) 871-0501 » Wakefield, MA (617) 245-9160 Austi 
ANADEX, INC. © 9825 DeSoto Avenue * Chatsworth, California 91 
ANADEX, LTD. * Dorna House, Guildford Road * West End, Woking, Surrey GU24 9PW, ngla 
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PRODUCTS 


8” WINCHESTER DRIVES WITH 
SINGLE BOARD CONTROLLER 


An embedded controller provides an 
asynchronous parallel interface between 
8” (20-cm) Winchester drive and CPU; 
software routines previously executed 
by the CPU can be handled by controller 
firmware. For example, the embedded 
controller performs diagnostics from 
servo tests to media verification. The 
controller fits within the company’s 10M- 
and 20M-byte models. Access time is 35 
ms and power required is 75 W. Interna- 
tional Memories Inc, 10381 Bandley Dr, 
Cupertino, CA 95014. 
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New ultra 
Silic 


2-PIECE PCB CONNECTOR 


191/192 series connectors with 107 con- 
tacts on 3 rows of 0.050” (1.27-mm) stag- 
gered centers have dially!l phthalate MIL- 
M-14F type SDG-F insulators and 
beryllium copper socket contacts per 
MIL-C-55302. Connector bodies are 
polarized both visually and with pins. Op- 
tional keying is provided in the socket in- 
sulator. Connectors are supplied with 
right angle dip solder tails. Plating op- 
tions are available. Methode Electronics, 


Inc, Connector Div, 7447 W Wilson Ave, 


Chicago, IL 60656. 
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CONTROL CABLES 


Suitable for interconnection of  in- 
strumentation and control system com- 
ponents, Dataflex™ cables are insulated 
and jacketed with an irradiation cross 
linked thermoset polyolefin that resists 
melting and flowing when exposed to 
heat. They contain no PVC, asbestos, or 
fibrous material, meet VW-1 flame tests, 
and have 125 °C UL listing. Completed 
cables, specified for 600-, 300-, or 150-V 
ratings, will pass an IEEE 383 vertical 
tray fire test at 70k Btu (73.85M J)y/h. ITT 
Surprenant, 172 Sterling St, Clinton, MA 
01510. 
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SWITCHING 
POWER SUPPLY TESTER 


JADEC J 500 tester consists of a se- 
quence control unit, 4 load control units, 
4 load power units, input ac power 
variac, and ammeters and voltmeters to 
test a supply with positive and negative 
outputs. Five digital voltmeters are pro- 
vided, 1 for each voltage output and 1 for 
dc current. The unit will test power sup- 
plies up to 300 W and is capable of short 
circuit testing and interlocking power-up 
for operator protection. Jadec, PO Box 
2241, Sunnyvale, CA 94807. 
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high speed 
ectifiers in 


OW available in low cost epoxy case styles. An | 
alternative to high priced glass units, these high surge ~ 
S give unsurpassed performance through 400 volts. 
eld proven in countless industrial and computer applica- 
1S, these units are especially attractive for high efficiency 
witching power supplies. 


And that's not alll. You can choose from 


the industry’s widest range of very fast rectifiers with recov- 
ery times from 30 to 50 nsec max. Features include 20 to 70 


amp ratings, low V,, high surge and low | 
So when it comes to high 
‘speed rectifiers, come to 
Semicon for price and perfor- 
‘mance you'll like. Semicon | 
10 North Avenue, Burlington, 
01803, (617) 272-9015. — 


eakage. 
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1980 


THE LEADING 
MICROPROCESSOR OPERATING SYSTEMS 
FOR THE 1980s 


_ MTOS-80 


THE MULTI-TASKING 


Real-time operating : 
system for the 8080. OPERATING SYSTEM MTOS-68K 
In service since 1976 FOR THE 8086 FOR THE MOTOROLA 

: Unlike some operating oO 
MTOS 68 systems, the MTOS family 680 | O 

GUE is written in assembly [imgeneetibdyd eld 
Inservice since 1976 The result: compact, 

| efficient programs. 

| MTOS:-1I1 MTOS is sold in source ee eee 


Real-time operating 


system for the PDP-11. 


In service since 1976 


In Israel: 

CONTAHAL, LTD. 

83 Gordon St., Tel Aviv 
Telephone: 22 41 15 


In Belgium: 

BETEAS.A. 

Chaussee de Louvain 775 
B-1140 Brussels 

a (02) 736 80 50 


n West Germany: 

ALFRED NEVE ENATECHNIK 
Schillerstrasse 14 

2085 Quickborn (Hamburg) 
Telephone: 041 06/612-240 


Call or write for our FREE book ‘‘ON OPERATING SYSTEMS”’ 


form; the user can 
specialize MTOS for his 
own applications. 


OPERATING SYSTEMS are sold 
under a liberal licensing policy 
which allows resale of the object 
program, when embedded within 
a product, without further charge. 


In Scandinavia: 

AB TELEPLAN 

Tritonvagen 25 

Solna, Sweden 

Phone: 08-98 1000 Tx.17587 


In Japan: 

TOKYO ELECTRON LIMITED 
Shinjuku Nomura Bldg. 
1-26-2 Nishi-Shinjuku 
Shinjuku-Ku, Tokyo 160 
Telephone: 343-4411 


In Benelux: 

C.N. ROODB.V. 

Cort v.d. Lindenstraat 11-13 
Postbus 42 

2280 AA Rijswijk, Nederland 
Phone: 070-996360, Tx.31238 


7 ‘ induitrial 
| Programming Inc. 


Software Specialists Since 1963 


100 Jericho Quadrangle, Jericho, N.Y. 11753 ¢ (516)938-6600 ¢ Telex 429808 
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DOT MATRIX PRINTER FOR 
SMALL BUSINESS COMPUTERS 


274 


Tabletop 150-char/s serial printer model 
150 produces 9 x 9 dot matrix chars 
bidirectionally in 136-col format. Logic 
seeking determines quickest way to 
print next line, and adjustable tractors 
accept any width paper. Chars are u/llc 
with descenders; vertical format and 
double-width chars are programmable. 
Personality board with parallel or serial 
interface supplied at no additional cost. 
Options include out of paper alarm and 
programmable bell. Anacom General 
Corp, 1116 E Valencia Dr, Fullerton, CA 


PRODUCTS 


92631. Circle 235 on Inquiry Card 
Sometimes you need a de- sete ag as 


pendable workhorse that will 

do the job efficiently, reliably, 
day after day. Like the compact 
drum printers from C. Itoh. Our 
Model 102 18-column digital, 
for example, weighs in 

at only 3.3 Ibs., but it’s 
more dependable than 
many units costing 
far more. Or our 
Model EP-101: it’s 
at home in a lot of 
applications, but, 
like all our drum 
printers, it doesn’t 
take much power—only 
17 VDC. Or our most 


#9 
2 
* 
ty, 
Rp 


versatile unit, the Model AN- 101F 
alphanumeric, the perfect OEM 
printer for anything from com- 


“ i ong TS ee output to label printer to 
data logger. And more. Every 


ws one is solid, dependable, and right for 
any application where a minimum of 
downtime is a prime requirement; each 
features two-color printing, a compact de- 
( “es fi sign suitable for bench top or rack panel 
O mounting, and one more dependable 
@ thing: the C. Itoh brand. 

C. Itoh means 

excellence in printers. 


@ C. Itoh Electronics, Inc. 
5301 Beethoven Street, Los Angeles, CA 90066 
Call: (213) 390-7778 - Telex: WU 65-2451 
East Coast 
666 Third Avenue, New York, NY 10017 
Call: (212) 682-0420 - Telex: WU 12-5059 


C. Itoh Electronics is part of the C. Itoh & Co., Ltd. world-wide trading organization. 
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516M-BYTE 
REMOVABLE DISC DRIVES 


T-600/602 achieve increased capacity by 
using narrower heads of manganese zinc 
ferrite core, which increase output by 
25% and resolution by 5%. Other 
enhancements include rewriting the 
servo surface of conventional 3330 II- 
type media to provide 1349 cylinders, 
maximizing servo electronics to control 
positioning, optimizing read/write elec- 
tronics to meet performance specs, 
tightening mechanical tolerances, and 
modifying logic to address additional 
cylinders. T-600 has std Trident TTU/DTL 
interface, and T-602 has SMD (differen- 
tial) interface compatible with range of 
independently available controllers. 
TTL/DTL interface drives have capacity 
for 27M, 54M, 82M, 208M, 312M, and 
516M bytes of unformatted data; SMD 
drives hold 83M, 210M, 315M, and 516M 
bytes. Century Data Systems, A Xerox 
Co, 1270 N Kraemer Blvd, Anaheim, CA 
92803. Circle 236 on Inquiry Card 


19-mm 1-W OUTPUT MOTOR 


Employing a Faulhaber skew-wound 
rotor system, the 12 x 19-mm series 1219 
micromotors are available in 4.5-, 6-, 9-, 
12-, 15-, and 18-Vdc models. Capable of 
operating at up to 21,500 r/min with effi- 
ciencies to 85%, the motors fit standard 
12/1 screw-on gearheads, providing 
ratios of 6:1 to 1M:1. Low starting 
voltage and armature inertia, short time 
constants, and linear voltage-speed and 
speed-torque characteristics are 
featured. Mounting flanges are optional. 
Micro Mo Electronics, 3691 Lee Rad, 
Cleveland, OH 44120. 


= ete 
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Now, 2675 Mbyte 
disk drive with 
an SMD interface... 


Control Data's new 9775 Fixed Module Drive 

is at the peak of today’s capacity range — 675 
Mbytes plus an optional 1.9 Mbytes of spi 
per-track storage for fast access. 


And better yet, it comes with our popular SMD 
interface. So it can be attached to the same 
controller that you probably are using already. 
That means you don’t have to change your basic 
system design every time your storage require- 
ments change. That means easier system 
integration and simple field upgrades. 


Control Data knows the whole range of OEM 
storage requirements. One application may 
demand the compact size and removable media 


iC 


rom the people wh 


of our 8” Lark™ Module Drive (LMD). Or the 
larger capacity of our Cartridge Module Drive 
(CMD). Perhaps your application needs the fixed 
media of our Mini-Module Drive (MMD). Or 
the 40, 80, 150 or 300 Mbyte capacity of our 
Storage Module Drives (SMD). So that as your 
requirements vary and grow—we can grow 
along with you. All the way to 675 Mbytes on a 
single spindle. 


We'd like to tell you more about how we can 
help you put quality behind your nameplate. 
Call us at 612/853-8087. Or write, OEM Product 
Sales, FMD Information, HQN111, Control Data 
Corporation, P.O. Box 0, Minneapolis, MN 55440. 


CONTROL DATA 
CORPORATION 


Addressing society’s major unmet needs. 
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PRODUCTS 


HANDHELD 
COMPUTER TERMINAL 


Portable terminal based on LK-3v. 
sonal computer, LK-2010 communicz 
with host by means of std RS-2 
telecommunications interface. Plc 
telephone receiver on acoustic cout. 
and plugging in computer with com- 
munication module allows user to enter 
data, review it on 16-char scrolling LED 


One integral unit. 
One reliable source! 


Perfectly matched integral unit provides superior alignment, response, accuracy 
and tracking ¢ BEI quality encoders, 200 counts per turn to 10,000 counts per turn e high 
performance DC servo motors from 10 watts to 350 watts e available with iron core 
rotor or basket wound ironless motors e LOWER COST and higher reliability than 
purchasing individual unmatched components e single-source responsibility eliminates 
service problems « not a kit, but a perfectly matched integral unit designed, produced 
and tested to BEI’s quality standards © send for our catalog and specifications today. 


BE! Electronics, Inc. 


1101 McAlmont St., Little Rock, AR 72203 e (501) 372-7351, TWX 910-722-7384 
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display, and transmit it to host com- 
puter. Similarly, user can access host to 
receive stored data. The RS-232 com- 
patible unit operates at rates from 110 to 
300 bits/s, asynchronous half- or full- 
duplex. Terminal display is a 16-char, 
16-segment alphanumeric LED with in- 
tegrated MOS LSI display controller. It 
uses 8-bit word length including parity, 3 
stop bits, and 80-char display buffer. 
Other modules transform unit into 
language translator, filing system, 
calculator, or programmable note pad. 
Nixdorf Computer Personal Systems, 
Inc, 168 Middlesex Tpk, Burlington, MA 
01803. 
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PROGRAMMABLE 
TRANSIENT RECORDER 


A microprocessor based 2-channel 
recorder, DL1080 may be controlled 
automatically by a computer or used in 
freestanding operator controlled en- 
vironment. A waveform acquisition and 
measurement instrument for one-shot 
and low repetition events, it offers an in- 
tegral minicassette backup store and full 
compatibility with GPIB interface pro- 
tocol. It can simultaneously digitize and 
store waveforms at sample rates up to 20 
MHz/channel in each of 2 static RAMs 
having 4k x 8-bit capacity. Selection of 
recording parameters is done by means 
of single control knob. Recording modes 
include delayed sweep, dual speed 
timebase, and pretrigger modes, as well 
as zoom sweep recording, which allows 
one channel to zoom in at a high sample 
rate on an interesting region of the other 
channel. Kontron Electronic Inc, 630 
Price Ave, Redwood City, CA 94063. 
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HORIZONTAL CARD CAGE 


A single enclosure that allows users to 
combine analog and digital PC cards 
also allows combining wirewrap with 
stitch weld and stitch wire boards. Op- 
tional guide separator locations permit 
mixing of single-, double-, and triple- 
width boards. Cages are available with 
either continuous backplane or 3 
separate backplanes to accommodate 
different voltages and grounds. Augat 
Inc, Interconnection Systems Div, 40 
Perry Ave, Attleboro, MA 02703. 
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COMPUTER DESIGN/NOVEMBER 1980 


The accelerating growth in modem technology at Universal Data Systems.has now produced.the Company's first'9600 bps unit-on 
a Super+compact OEM board. Occupying about 100 square inches of PCB space, this microprocessor LSI modem offers dramatic 
space savings for designers who wish to package data séts internally in microcomputers, minicomputers or interactive terminals. 
The traditional UDS economy and reliability are inherent in the new 9600 bps modem. 

Contact UDS for complete technical details, or phone your UDS representative. Universal Data Systems, 5000 Bradford Drive, 
Huntsville, AL 35805. Telephone: 205/837-8100. 


Universal Data Systems US| 


Member 
DISTRICT OFFICES: Summit, NJ, 201/522-0025 + Blue Bell, PA, 215/643-2336 « Atlanta, 404/952-3463 + Chicago, 312/ IDCMA 
441-7450 + Dallas, 214/385-0426 » Santa Ana, 714/972-4619 + Sunnyvale, 408/738-0433 « Boston, 617/875-8868. 


- 
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Features and capabilities previously LOW COST CRT TERMINAL 
PRODUCTS available only on expensive laboratory 
instruments, including a calibrated time 


base for accurate measurements and 
50-MHz DUAL-TRACE observations of complex waveforms or 
PORTABLE OSCILLOSCOPE long pulse trains, are incorporated in the 
LBO-517 50-MHz dual-trace portable 
oscilloscope. Main and delayed time 


eo bases can be displayed simultaneously 
b@: for both input channels. An alternate 

(3. = 8 triggering mode allows comparison and 
;e@=r measurement of 2 frequency unrelated 
tre signals. Leader Instruments Corp, 380 
J 


Oser Ave, Hauppauge, NY 11787. 
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Model 550B incorporates proprietary LSI 
controller chip that allows a fully 
featured design with only 19 ICs and 
gives it a calculated MTBF of 5 yrs in an 
office environment. Std features are 
audible alarm (bell); switchable new line 
wraparound, allowing multiple-line 
display of data formatted for more than 
80 columns; extended numeric mode in- 
cluding +, —, *, and/ keys; and support 
\ 2 — for dual character sets. Easy to read 
TEAC oe | ¢ characters, including lower case letters 
9 eo . with true descenders, are formed on a7 x 
10-dot matrix. Keyboard includes an 
A 9 ul embedded numeric pad and dedicated 
newcomer ® keys for repeat, on/offline, print, tab, 
a shift lock, and backspace; an all-case 
DEL key; and a control protected clear. 
Transparent mode displays all 128 ASCII 
char. The screen is switchable between 
black on white or white on black. Perkin- 
Elmer Terminals Div, 360 Rt 206 S, 
Flanders, NJ 07836. 
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CARTRIDGE TAPE SUBSYSTEM 
FOR WINCHESTER DISC BACKUP 


TIP (tape interchange package), an S-100 
compatible subsystem with comprehen- 
sive menu driven. software, allows 
transfer of program and data files froma 
Winchester disc to a 13.4M-byte 
0.25”(6.35-mm) cartridge tape. It is com- 
prised of a DS-100 controller, 6400-bit/in 
(2520/cm) tape drive, and power supply, 


Well, Yes and No. 


YES, we are introducing 54” floppy disk drives. and installs by plugging into an S-100 
NO, we are not new in the digital recording field; computer system. Software is 
in fact we are a leader in digital cassette recorders distributed on a single-sided, double- 
with over 200,000 units already sold. ee A ened floppy ie: in iy 

- 5 = a r ormat. Alloy Engineering Co, Inc, Com- 
And with a solid 25 years of expertise in magnetic puter Products Div, 85 Speen St, 


recording technologies — digital, analog, video, 

and of course our popular stereo tape decks— 

we know how to design and build recorders 

(to put it modestly). 
Now you can have a reliable 
Floppy Disk Drive or 
Digital Cassette Recorder — 
when it bears the name TEAC. 


Framingham, MA 01701. 


TEAC 


TEAC Corporation of America 
Industrial Products Division 
7733 Telegraph Road Montebello, California 90640 (213) 726-0303 
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 STR® technology for high 
| data integrity. Three major tape formats | 
for design Hextoility. 


We don’t forget the OEM’s needs. 


The STR-810 digital recorder is de- 
signed for data logging, data acquisition 
and as a system loader. Using either the 
3M DC-300A or DC-300XL cartridges, 
packing density is 1600 bpi, for re- 
spective data capacities of 2.3M bytes 
and 3.4M bytes per cartridge, using four 
tracks. Features include microprocessor- 
controlled tape movement and read/ 


write electronics. For maximum versatility, 
interfaces include RS-232 and IEEE-488. 


Or, using control and status lines avail- 
able, you can interface to specific micro- 
computers such as LSI-11 and 8080. 
EPI’s optional ANSI X3.56 formatter, 
with NRZI or phase-encoded personality 
cards, turns the 810 into a plug-in 
component for industrial instrumentation 
and mini/microcomputer-interfaced 
peripheral markets. Price: $756 in quan- 
tities of 100. STR-STREAM is a high- 
speed, high-capacity version of the 810 
designed for Winchester disc backup. 
Density is 6400 bpi for 17M bytes ca- 
pacity per cartridge. Features include 
advanced head design, MFM formatting 
and compatibility with 8”’ or 14’ discs. 


EPI’s STR-610 is a compact, low cost 
digital recorder that’s ideal for use with 
POS terminals, smart CRT terminals 
and as a general peripheral for mini/mi- 
crocomputer-based systems. The 610’s 
recording density is 800 bpi for a capac- 
ity of 168K bytes/track, using a two-track 
3M DC-100 mini-cartridge. Format- 

ting is ANSI Standard and interfacing is 
parallel, with a variety of options. Price: 
$280 in quantities of 1,000. The STR- 
LINK III is a high-speed (9600 baud), 
portable program loader that uses the 
STR-610’s drive system and shares the 
same specifications. It is used as a field 
service tool for diagnostic work or as a 
peripheral in a mini/microcomputer 
system. STR-LINK III uses a serial RS-232 
interface for data communications or 
data terminal applications, and it can be 
controlled through RS-232, ASCII con- 
trol codes, or manually. Price: $1,561 in 
single quantity. 
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STR-LINK II is EPI’s proven medium- 
speed (1200 baud) universal portable 
program loader for programmable con- 
trollers and process control systems. Using 
a standard cassette, it features switch- 
selectable transmission modes for 
maximum flexibility. Price: $1,735 in 
single quantity. 

For maximum design freedom, 
proven reliability and high data integrity 
through Speed Tolerant Recording tech- 
nology, remember EPI—the company 
that doesn’t forget the OEM’s needs. 
For more information, contact 
Electronic Processors Inc., P.O. Box 569, 
Englewood, Colorado 80110. Phone 
(303) 761-8540. 


Let EPI remember for you. 


[: | ELECTRONIC PROCESSORS 
INCORPORATED 


PRODUCTS 


20-A SOLDERLESS 
CABLE CONNECTOR 


Quick-Connect 10-pin solderless cable 
connectors combine screw clamp wire 
termination with the ability to be 
mounted in several ways on flat surfaces 
or through panels. They can be mounted 
in pairs to provide 20 contacts/set, or 
side by side without interference when 
disconnecting, have 300-V UL rating at 
20 A/contact, and accept wire up to 12 
AWG. The molded nylon connector body 
fully encloses screws and clamps. 
Cogenel, Inc/Entrelec Div, 2 Ram Ridge 
Rd, Spring Valley, NY 10977. 
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Model EP-2A-88 
EPROM | Programmer 


Fast as Jackrabbits . . . Well, almost! 


In Australia, two rabbits can reproduce over 13 million offspring in 
3 years ... at 105 seconds per 2716, the EP-2A-88 can reproduce 
1,892,160 EPROMS in 3 years. Single push button control, the 
EP-2A-88 checks if EPROMS are erased, programs and verifies. 


It also checks for defective EPROMS. 


Two basic models are available, The EP-2A-88-1 will accept Cop 

(CM) modules for the 2758, and 2716 EPROMS. The EP-2A-88- 

will eae copy modules for the 2716, 2732 and TMS 2532 
. Power requirements are 115 VAC 50/60 Hertz at 15 


EPROM 
watts. 


Part No. Description 
EP-2A-88-1 EPROM Programmer . 


MAGNETIC BUBBLE 
MEMORY SYSTEM 


TBB7090 and TBB8091 are completely 
assembled and tested memory systems 
that are supplied with 1, 2, 3, or 4 92k-bit 
TIB0203 bubble memories for 11.5k, 23k, 
34.5k or 46k bytes of storage, respec- 
tively, on a single board. The -7090 is a 
complete system containing 11.5k bytes 
of nonvolatile memory storage and all 
necessary support circuits, including 
custom controller. The -7091 expansion 
system, designed for use with the -7090 
to provide system storage capacity of 
104k bytes, contains up to 46k bytes of 
memory; two -7091 boards can be used 
with one -7090 board. Both are available 
in 0 to 50 °C and 0 to 70 °C temperature 
ranges, and are bus and timing com- 
patible with Pro-Log and Mostek STD- 
BUS series microcomputers. They 
feature low power operation, 4-ms ac- 
cess time, 50k-bit/s data transfer rate, 
and use 5- and +12-V power supplies. 
Texas Instruments Inc, PO Box 225012, 
Dallas, TX 75265. Circle 245 on Inquiry Card 


60-W SWITCHING 
POWER SUPPLY 


Series 1060 switchers provide output 
power of 5 Vdc at 12 A and may be ad- 
justed from 4.5 to 5 Vdc. Full rated out- 
put is provided over an ambient temp 
range of 0 to 50 °C with 2%/°C derating 
to 70 °C. Power supply input offers pin 
strappable voltage ranges of either 85 to 
130 Vac or 170 to 260 Vac at 47 to 470 Hz 
for European applications. An rfi input 
line filter is std. All ac line filter 
capacitors are high quality and have 
VDE, S, N, D, OVE, and other European 
approvals. Half-bridge configuration, 
used to do the switching, achieves effi- 
ciency of 80%, ripple and noise of 50 mV 
pk-pk or 10 mV rms. Line and load regula- 
tion is +0.1%, tempco is +0.02%/°C, 
and transient response is 200 us to 1% 
of final value. Power General, 152 Will Dr, 
Canton, MA 02021. 
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When you need magnetic materials produced under rigid quality 


control conditions, PERMAG HAS THE ANSWER! 


...PERMAG’s materials are subjected to quality control require- 


EP-2A-88-2 EPROMProgrammer .............. = et 
CM-50 Copy Module for 2716, TMS 2516 EPROMS ............... 
CM-70 Copy Module for2758EPROMS ..... 
CM-20 Copy Module for 2732 EPROMS ...... 
CM-40 Copy Module for TMS-2532 EPROMS 

Non-Standard Voltage Option (220 v, 240 v, 100 v) 


Optimal Technology, Inc. 


lue Wood 127, Earlysville, Virginia 22936 


ments that are the standard of the industry. When it comes to 
magnetic measuring, magnetizing and calibrating and magnetic 
testing, PERMAG has the skilled engineers and technicians to 
assure you of consistently superior results. Each of our 9 modern 
plants is stocked, staffed and equipped to meet your every need. 
ALL ACROSS THE COUNTRY 
NEW YORK ¢ BOSTON « ATLANTA e TOLEDO 
CHICAGO ¢ DALLAS « LOS ANGELES « SAN FRANCISCO 
MINNEAPOLIS/ST. PAUL 


Consult Yellow Pages for address & phone number of PERMAG near you 


“In the magnetic field, PERMAG is No.1" 


Phone (804) 973-5482 
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PACKAGES 


CHASSIS 


| AISLE ys 


SYSTEM COMPONENTS 


ANO MOOULES 


| DIGITAL Y% 


POWER SUPPLIES 


eee 
MART 


. 
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Remember When We Had To Go To Different Stores 
for Math Processors, Industrial I/O and Sensor Conditioning. 


Your challenges are too complex to depend on modules 
that come from different sources -- especially modules that 
were not designed for hostile plant environments. We now 
have a broad line of modules that covers virtually all 
industrial applications. 


But modules are only part of our story. XYCOM offers a 
broad line of packages, modules and software designed 
specifically for industrial applications. We even have 
analog subsystems that interface directly to a broad range 
of primary sensors. Our growth in the highly specialized 


X 


The Hardhat Com 


om 


industrial microcomputer field has caused us to be referred 
to as ‘The Hardhat Computer People’—and with good 
reason. The trend today is to put the control or target 
computer out on the plant floor with the operator. To do 
so, you’ve got to have equipment that is designed, built 
and tested specially for the hostile plant environment. 
Simply adapting general purpose hardware isn’t the 
answer. 


So, to get the real answers call your local XYCOM office 
or call XYCOM World Headquarters-(313)429-4970 


TM 


formerly PCS 


puter People 


P.O. Box 984, Ann Arbor, Michigan 48106 
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PRODUCTS 


P/ROM BASED 
SOLID STATE TIMERS 


PROM-8 handles complex sequences of 
on/off steps using 8 load circuits, with 
up to 256 steps/complete cycle. The 
basic solid state timer is fully pro- 
grammed to customer specifications 
when shipped. Almost any degree of tim- 
ing precision can be set up by the manu- 
facturer through substitution of special 
time bases. Optional use of line current 
counters provides interval durations of 
any length up to several hours. Bayside 
Timers, Inc, 43-69 162nd St, Flushing, NY 
11358. 
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sub- 
fractional 
horsepower 
DC motors 


DATA ENTRY TERMINAL FOR 
BAR CODE SYSTEMS 


HBD series terminal provides bar code 
reading capability to existing computer 
based data collection systems but also 
functions independently as a bar code 
decoder with a std 120-Vac power source 
and a compatible data display unit. Data 
communication uses a serial ASCII for- 
mat and RS-232-C compatible signal 
levels. Included are A-D signal condi- 
tioner, digital date mixer, and signal in- 
terface unit. Welch Allyn, Inc, Industrial 
Products Div, Skaneateles Falis, NY 
13153. 


3Q1- 
4-track/4-channel 
cassette head .. 
Precision Mount, 
(Azimuth + 6’) 


675M-BYTE DISC 
DRIVE SUBSYSTEM 


A Winchester disc drive with 675M bytes 
of random access storage in a fixed, 
sealed media drive operates with other 
members of the company’s storage 
module drive family but has twice the 
capacity. Features include light load, 
contact start/stop head designs, and 
microprocessor control of the servo. Avg 
seek time is 25 ms and avg latency time 
is 8.3 ms, for a total avg access time of 
33.3 ms. Transfer rate is 9.67 MHz. Harris 
Corp, Computer Systems Div, 2101 W 
Cypress Creek Rd, Ft Lauderdale, FL 
33309. 
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VIDEO TERMINAL EMULATORS 


Capable of emulating Lear Siegler ADM 
3A, Hazeltine 1410 and 1500, and DEC 
VT52 and VT100, 3 video terminals pro- 
vide alphanumeric asynchronous ASCII 
capabilities. 4410, 4420, and 4430 ter- 
minals feature green, non-glare display 
and operate in individual enhanced 
modes to increase flexibility; 4420 and 
4430 have detached, low profile 
keyboards, tiltable screens, and smooth 
scrolling. Facit AB Data Products, 105 45 
Stockholm, Sweden. 
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We’ll help you 
iget a head 
i(and stay ahead!) 


WP-1D2 3D7- 
4-track/2-channel 2-track/2-channel 
Extended cassette head, 


Universal 
Industrial mount, 
Exceptionally versatile. 


low-frequency 
response head 
for .250” tape 


Three typical Vikron magnetic heads that come 
equipped with total service. That simply means 


we're not done helping you until you’re done 
needing help. 


We deliver much 
more than quality 
magnetic heads! 


| Call or write for complete and free information. 


VIKRON 


(715) 483-3233 
P.O. Box 737, 520 Blanding Woods Rad. S., St. Croix Falls, WI 54024 


Buehler Products, Inc. offers a complete line of permanent 
magnet DC motors that are performance rated to your 
specific application for maximum cost effectiveness. 
These customized, long life Buehler motors are available 
with a wide variety of options in voltage, current, torque, 
speed, electrical connections, and frame size. They're 
used worldwide in office products, business machines, 
cameras, computer peripherals, tape recorders, marine 
and automotive applications. Write for full details on the 
Buehler FHP motor line. 


FHP permanent magnet DC motors 
Miniature brushless DC fans 
Miniature gear motors oS 


Buehler 


BUEHLER PRODUCTS INC., P. O. Box A, Highway 70 East, 
Kinston, North Carolina 28501, (919) 522-3101 
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“Every time we ask a MOS/LSI 
company about their custom experience, 
they change the subject: 


3 


i 

That's no surprise. Most MOS/LSI companies 
take on custom work only when market conditions 
force them to. And, no matter how big they may 
seem, they’re usually only willing to handle a 
few limited jobs. So they really don’t have much 
custom experience worth talking about. 

AMI does. As the leader in the field, we have 
14 years of successful custom work behind us. 

Since we opened for business in 1966, our engineers 
have designed over 1,300 LSI circuits. And for the 
entire period of time, custom has been the major— 
and most important part — of what we do. 

We've designed circuits for appliance and 
consumer electronics companies, the telecommuni- 
cations and EDF fields, the automotive industry and 
the military. In fact, we've created custom solutions 
for virtually every kind of company. 

Which means that whatever business you're 
in, you can be just about certain that we'll under- 
stand your problems. And that we'll be able to offer 
you a MOS system solution tailored to the exact 
needs of your application. 

We can design a MOS peripheral circuit for 
you that will interface with any standard micro- 
power memory and 4-, 8- or 16-bit microprocessor 
(ours or someone elses). Or we can offer you one 
of our own standard circuits customized to your 
specific requirements. 

We've also designed complete systems on a 
chip with as many as 60,000 devices, and we're able 
to combine both linear and digital circuitry on the 
same piece of silicon. So if you need a chip with 


switched capacitor filters, A/D and D/A converters 
and other linear type circuits, we can give it to you. 

Whats more, our SIDS (Symbolic Interactive 
Design System) is the world’s most advanced 
design system. It’s the reason we've been able to 
cut design time while producing increasingly more 
complex circuits. 

We're very flexible. AMI's engineers work in 
14 variations of the three major MOS processes: 
the very mature P-channel, high speed, state-of- 
the-art N-channel and CMOS. So when the time 
comes for you to choose the process you want, 
unlike other companies, we have no limitations to 
impose on you. 

But AMIS flexibility doesn’t end there. 

If you want to design ywur own LSI circuits, 
we make it easy for you te’work with us. We can 
interface with you at any stage of chip development, 
and we have the industry's only group specially 
organized to handle customer designed circuits. In 
six years, they've managed the production of 
over 750 of these circuits. 

You'll be in good company. AMI’s list of 
satisfied customers includes some of Fortune 500's 
biggest companies. But we work for a lot of 
small and medium size companies, too. That's 
another part of our flexibility. We're set up so that 
we can provide cost-effective, state-of-the-art results 
for just about any size company —and just about 
any size job. 

If what AMI has to offer sounds like what 
you've been looking for, mail in the coupon. We'll 
send you two books that will help you decide if 
custom MOS is right for your application and tell 
you everything you should know about AMI's 
custom capability. 

It's really the quickest way for you to start 
taking advantage of our experience. 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


I want to know more about AMI’s custom LSI capabilities. 


11 Send me the books. (Have your applications engineer 


contact me. 
Name Title 
Company 
Address 
City State Zip 
Phone 


What is your application? 


3800 Homestead Road, 


Send to: American Microsystems, Inc., | 
Santa Clara CA 95051. 


Mil. 


AMERICAN MICROSYSTEMS. INC. 


CD11/80 


PRODUCTS 


VT100-TYPE KEYBOARD 


Layout and legends of the Fastype® 
AN26394 keyboard are identical to the 
VT100, and a simplified keystation scan- 
ning scheme permits microprocessors 
to take data at their own rate. Included is 
a 4-wire serial interface, 7 LEDs, and key 
click and bell capabilities. With key 
travel of 0.015” (0.0381 cm) with a life 
rating of greater than 50M operations, 
the alphanumeric keyboard is designed 
for VT100 emulator mamufacturers and 
users requiring a VT100" type arrange- 
ment. Chomerics, Inc, 77 Dragon Ct, 
Woburn, MA 01888. 
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FUSED PUSHBUTTON SWITCHES 


An integrated adapter equipped with a 
lamp and fuse can be locked onto and 
removed from a series 31 switch hous- 
ing, converting that switch to a fused 
series 31 switch. A T-1% groove base 
lamp (6, 14, 28, and 48 V) and 6.3 A (max) 
250-V fuse can be wired to produce 
separate circuits for lamp and fuse, or an 
operation or interruption indicator. 
Switch ratings are 250 Vac at 5 A at an 
operating temp range of — 25 to 45 °C. 
Snap acting, Hall effect, or low level 
switch elements also are standard for 
the fused series. EAO Switch Corp, 255 
Cherry St, Milford, CT 06460. 
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DCS/80 Multibus® 
Development/ 


Control 


The DCS/80 is a low cost, industrial quality rack-mountable 


GRAPHIC TABLET 


Ya 
al 


Designed for small computers, these 
graphic tablets are directly compatible 
with standard 7 x 9” (17.8 x 22.9-cm) 
display screens. Standard 8.5 x 11” (21.6 
x 28-cm) paper pad exactly fits tablet sur- 
face. Output directly matches computer 
capabilities minimizing interface and 
software requirements. Resolution is 
100/200 points/in (39.4/78.7 points/cm), 
and conversion rate is 100 coordinate 
pairs/s. Bisequential output is std, with 
full parallel output as option. Tablet 
measures 13 x 15.5 x 0.75” (33 x 39.3 x 1.9 
cm). Kurta Corp, 206 S River Dr, Tempe, 
AZ 85281. 
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DCS KO 

| DIST RIaUT 
Compengr kD 

SYSTEMS: 


Multibus* compatible development/control system. This compact 
unit was designed for high reliability, easy maintenance and 
includes dual 8’ floppy disks, DCS8010A CPU, 5-slot (optional 


9-slot) backplane and power supply. A 16k byte system costs $3595. 


Complete systems with in-circuit emulation (8080/8085/2Z80/6800) 
include DCS/80, PROM programmer, printer and CRT for less 

than $12,000 

MULTIBUS HARDWARE — DCS designs and manufactures a 
complete line of Multibus compatible boards including the 
DCS8010A CPU that can contain up to 4k RAM, 16k PROM/ROM, 
48 Bits parallel |/O, and 2 serial 1/O ports. 


SOFTWARE — The DCS/80 is CP/M** compatible and the 
software available includes Fortran, Pasca!, Process Control Basic, 
'C’’ Programming Language, cross-assemblers and a PL/M* 
compatible compiler. 

* Multibus, PL/M Trademark of Intel 

**CP/M Trademark of Digital Research 


Distributed Computer Systems 223 Crescent Street 
Waltham, Ma. 02154 


TOLL FREE 1-800-225-4589 617 899-6619 
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Cambion’s low profile sockets 
feature inverted contact design, 
dual face wipe contacts, Kapton® 
coverage for antiwicking protection, 
and wide-area contact openings for 
easy IC insertion. Available in a wide 
range of 8- to 64-pin position sizes, 
some socket models also provide beneficial center space 
to carry an electrolytic capacitor. Get very useful low- 
profile socket low-down in our Catalog 121, and get evalu- 
ation samples from Your Cambion Connection at over 100 
e. distributor locations! Cambridge Thermionic 
= Corp., 445 Concord Avenue, Cambridge, 
| B& MA 02238, Tel: (617) 491-5400, Telex: 92-1480, 
. erie ‘, TWX: (710) 320-6399. 


a8 Re FBS 
The Right Connection. 
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Drive at the right speed 


If your speed-torque need falls within the blue or red areas of the chart, Robbins & Myers can get you 
the gearmotors or speed reducers, motors, and controls to give you the exact output that’s right for your 
application. No compromise. Request Catalog D-1120 for full details on: Gearmotors. Comprehensive 
line of face and foot mounted spur gearmotors rated to 1/6 HP. Speed reducers. Three basic spur gear- 
heads with 226 standard ratios from 3.5:1 to 2544:1, with output torques from 16 to 176 in. Ib. A.C. Sub- 
fractional HP motors. Specially sized for OEM needs up to 1/2 HP with millions of standard design 
variations in diameters from 3 1/8” to 4 11/16”. Variable speed control. SCR controls for DC gearmotors 
give constant torque performance from near zero to rated rpm. Get expert help! Electric Motor Division, 
Robbins & Myers, Inc., 1949 Lagonda Ave., Springfield, OH 45501. Tel. 513-327-3329. 
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PRODUCTS 


DATA CONVERTER FOR 
SYSTEM/34 COMPUTER 


BAC-34 sends and receives EBCDIC 
data via IBM sync protocol, performs er- 
ror checking, translates data to ASCIl, 
and outputs data in serial asynchronous 
ASCII format to and from user attached 
devices. It allows the user to attach 
peripheral equipment, such as CRTs and 
line printers, to an IBM System/34 com- 
puter at high data rates. Data may be 
deferred and transmitted at user 
selected rates of 75 Hz to 19.2 KHz. KMW 
Systems Corp, 8307 Highway 71 W, 
Austin, TX 78735. 

Circle 254 on Inquiry Card 


s extremely low electrical noise, very 
long service life, smooth operation and low mechanical noise. 


* Starting torques from 280 to 500 g-cm 


TO-3-STYLE HEAT SINK 


Designed to provide efficient cooling in 
minimum board space, the heat sink is 
fabricated from 0.090” (0.23-cm) Al and is 
available in plain or black anodized 
finishes. Model 3-1307-001 measures 
1.81 x 1.81 x 1.25” (4.59 x 4.59 x 3.18 cm). 
Finned design produces temperature 
rises of 43 °C at 8 W, 56 °C at 12 W, and 
70 °C at 16 W, following an approximate- 
ly linear power-temperature rise from 43 
°C. Tran-Tec Corp, PO Box 1044, Colum- 
bus, NE 68601. 
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UNIVERSAL COMPUTER 
SWITCHING MATRIX 


Digital Micro-Matrix™ is an 8-port 
universal crosspoint switching matrix 
that permits direct data transfer between 
any combination of computers and 
peripherals. Up to 8 RS-232-C and/or cur- 
rent loop devices in any combination can 
be interconnected without software 
modification, providing 2°* possible 
paths. Sixteen key-selectable connec- 
tion combinations are stored in non- 
volatile memory. The device handles 
baud rates up to 9600 and measures 8.25 
x 7.25 x 3” (20.9 x 18.4 x 7.62 cm). Digital 
Laboratories, Inc, 600 Pleasant St, 
Watertown, MA 02172. 
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DEC COMPATIBLE 
PRESS-FIT BACKPLANES 


PDQ/DSC backplanes feature automatic 
insertion of pins for precision alignment 
and gas tight connections. Press-fit 
technology ensures reliable connec- 
tions. The prewired and pretested unit is 
available in 4- and 9-slot systems. A 
plastic protective cover allows entry, yet 
prevents disturbance of pins or 
wirewrap. Options include contact 
plating to customer specifications, a 
fast-on terminal, and special modifica- 
tions. Stanford Applied Engineering, Inc, 
340 Martin Ave, Santa Clara, CA 95050. 


e Digital ... 


New Phi-Deck Electronics 
e Motion Control... 


Read/Write and Motion Control on one 


Minimum complexity, Maximum 
performance. 


board. Recording density to 1600 FRPI. 


Two channel Record/Play and Motion 
Control on one board. 


* Maximum efficiency as high as 65% at 24 Volts. 

* Varistor ring and high quality brush material. 

¢ 7 bar armature for smooth operation. 

¢ Available with AC tach, gearheads and AMP 110 terminals 


Canon U.S.A., Inc. 
Electronic Components Division 
10 Nevada Drive, 

Lake Success, L.I., N.Y. 11042 
Tel. (516) 488-6700 
Telex 96-1222 
Cable - Canon USA LAKS 


eAnalog ... 


For complete 
technical information: 


Canon 


Write or call for information on our specially priced 
Design Kits and OEM Modules featuring 
PHI-DECK electronics. 


4605 N. Stiles P.O. Box 18209 (405) 521-9000 
Oklahoma City, OK 73154 TWX: 910-831-3286 Tiplel 


Incorporated 


286 CIRCLE 173 ON INQUIRY CARD 


CIRCLE 174 ON INQUIRY CARD 


There are many 
good reasons to 
backup Winchester Disks with 


Cartridge Tape. 


The Streamer 
is all of them. 


Meet the Streamer, aproductthatmakes and data resynchronization provides EASE OF INSTALLATION 

sense every way you look at it. Designed less than1 errorin 10° btn aha_(ibDLE——_—_—_—_"}||: 
specifically for Winchester disk backup, down to about one error in three years The Streamer is configured to fit the 
DEI’'snew 10 and 20 MBytehighdensity, of normal usage! In addition cartridge same size enclosure as a conventional 
microprocessor controlled, 4" stream- certification is built into the Streamer, 8 inch flexible disk drive. If you have 
ing cartridge tape drives have im- because the data cartridge is calibrated a dual floppy system now, you can 
pressive advantages over other backup during operation. The improvements upgrade to a Winchester/Streamer 10 


20 MByte Streaming Cartridge Tape Drive 


methods. don't end here. Our new digital or 20 MByte system without additional 
magnetic tachometer increases space requirements. 
LOW COST mechanical reli- Os wees nie rane 9 
ability because it's \ TRANSFER RATE 
Streaming drives do not require rapid operation is not Sa —_—_—_—_—— 


stop/start tape drive electronics and susceptible to dust The nominal rate is 5 


mechanics, resulting in a lower cost and dirt problems. 
servo system, lower power requirements 
and lower heat dissipation. A unique bi- 
directional two track head with digital 
positioner that provides low cost four 
track operation is also 
new. What does this all 
cost? About 1/3rd 
the price ofa 
Winchester 
disk for 
OEM's. 


ieee MBytes per minute at 
TP r] a tape speed of 90 ips. 


/ \| Same space requirement 
as diskette 


tA Pasa Oe 
llet proof’ 
byte-by-byte 
comparison 


SIMPLE INTERFACING 


The drive appears to the host as one 
of the most familiar interfaces in the 
industry, a FIFO memory chip. 


Unique 2-track head with digital positioner. 


Digital 


magnetic % es Ai oer 
tachvend Memnt TAPE PROTECTION Streaming electronics 
RELIABILITY AND INTEGRITY The tape is protected against abuse, We believe that the Streamer is easy 


————————— NCE It IS fOlally contained withinthecart- to install, easy to interface, easy to use 
The read-while-write capability allows for ridge. On insertion into the drive,asmall and easy to afford. Call Whitney Lynn 
‘bullet proof. byte-by-byte comparison. door is opened which allows contact and ask about the Streamer You'll be 
Consequently error detection, correction with the recording head. in the mainstream of things to come. 


\. J & 
Bat DATA ELECTRONICS 
DEI is a registered trademark of Data Electronics Inc 


INC. 10150 Sorrento Valley Road 
San Diego, California 92121 
Call (714) 452-7840. Telex 69-7118 
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Miproc processor speed 
is industry's right arm 


The little processor with big computer 
power — that’s Miproc, for process control, 
industrial robots, signal analysis, 
simulation and research. 

When you’re looking for the 
computer power of a big microcomputer 
like the DEC* PDP-11/70* but can’t afford 
the size and price, you should think 
seriously about Miproc 16. Check out the 
facts and see why Miproc 16 is probably 


the computer you need. 

PDP-11/70* Miproc 16 

Min Max Min Max i. Allie. 
@ Integer Add, from memory 0.6 0.67 fy a ae In advanced industrial robotics, high speed 
@ 32 bit floating point Add 0.9 2.32 125 3.50 processing with floating point accuracy is 


@ 32 bit floating point Multiply 1.8 3.44 250) 2.75 


Min/max times, all in microseconds. 
+Mode 1 source address. 


spot-on with Miproc 16. 


@ Incredible I/O power 


10 megawords DMA or 1 megaword/second programmable 
@ Memory up to 128k word of 16 bits 
@ Price 

Typical small system: CPU, 16k words, 2 parallel ports, 

1 serial port, chassis and power, less than £6500. 


@ Size 
480 x 460 x 220mm. And there’s room for lots of expansion, or 
even a second processor system. 


Get ahead of your competitors. Get 
the computer that’s ahead of the rest. 
Miproc 16. From Plessey Microsystems, 
staying up front. 


*Digital Equipment Corporation trademarks 


The high-speed data acquisition and signal 

PLESS EY processing capabilities of Miproc provide 
wavepower energy researchers on-the-spot 
results. Fast. 

M ICROSYSTE MS Photograph courtesy Wavepower Limited/Dept of Energy 


Plessey Microsystems, Water Lane, Towcester, Northants NN12 7JN. 

Telephone: Towcester (0327) 50312 Telex: 31628 

France: Paris (01) 776 43 34. Holland: Noordwijk 01719 19207. Germany: Munich (089) 23621. 

Japan: Eiji Kitahara, Tokyo 244 3782. USA: Gaithersburg, Maryland (301) 948 2791, Irvine, California (714) 540 9931. 
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PRODUCTS 


UNIVERSAL INTERFACE 
22-CHAR LINE PRINTER 


Model 722UA accepts 20-mA loop, 
RS-232, ANS/IEEE 488, and BCD inputs 
via a universal computer interface. The 
line printer allows for device select 
through either a single line or a BCD 
decoder. Interface lines are 3-state, hard- 
wired active high or low. Solid chars are 
printed at up to 2400 lines/min. Max line 
length is 22 char. Available in either rack 
or table mounting, the unit measures 
19”W x 7”H x 18”D (48 x 18 x 46 cm) and 
weighs 73 Ib (33 kg). Datadyne Corp, PO 
Box 247, King of Prussia, PA 19406. 


FIXED DISC EMULATOR 
FOR PDP-11 


PM-RF11 emulates the DEC RF11-A 
system by using dynamic MOS memory 
as the storage medium. It is claimed to 
provide increases of 10 to 1 in transfer 
rate and 1700 to 1 in access time. One 
version supplies 512k bytes of MOS 
memory in a 5.25” (13.33-cm) chassis 
with room for expansion to 1.5M bytes. 
The other model, in a 10.5” (26.7-cm) 
chassis, is expandable to 4M bytes. 
Plessey Peripheral Systems, 17466 
Daimler Ave, Irvine, CA 92714. 


IEEE 488 BUS TESTER 


GPIB-400 bus tester, applicable to any 
IEEE 488-1978 instrumentation system, 
includes LEDs and switches for monitor- 
ing and controlling ali bus lines. 
Automatic source handshake mode 
allows an RS-232 or current loop terminal 
to generate IEEE 488 commands or data 
from the keyboard. Automatic acceptor 
handshake mode permits the terminal to 
receive IEEE 488 commands or data and 
display or print their ASCII equivalent on 
the terminal. National Instruments, 8900 
Shoal Creek, Austin, TX 78758. 
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PRINTRONIX+TEKTRONIX 
the perfect match! 


Now Tektronix Graphic CRT’s can be happily wedded 
to your Printronix printer/plotter — P150, P300 or P600. 
TRILOG’s efficient little matchmaker, 
the Graphics Adapter Board — GAB for short — plugs right 
into the spare card slot in your Printronix unit. In seconds 
you'll get hard copies of the images from one or two 
.  tektronix Graphic CRT’s while 
retaining all the Printronix normal 
printing/plotting functions. And 
GAB’s special switch-selectable 
mode reduces the image size to 
fit on 8%" x 11" paper — fora 
beautiful reflection of their 
love’s affection! 
Contact your Printronix/TRILOG 


distributor or call TRILOG direct 
at (714) 549-4079. 


Disk to disk 
back up. 


al o 
Cii Honeywell Bull 


Bull Corporation of America 


Mail station 430 -200 Smith Street -Waltham Mass 02154. 
Tel: (617) 895.6020. 


801 Mahler Road- Suite D-Burlingame CA 94010. 
Tel: (415) 692.5724. 


TRILOG 


17391 Murphy Avenue, Irvine, CA 92714 
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The 
Idea: 


‘To take the Digital VT'100 and make it both graphical 
and economical for OEMs and end-users. 


Digital Engineering, the pioneers in retro-fit graphics, has done it again. This time, 
we've turned DEC's VT100 alphanumerics terminal into a sophisticated graphics 
terminal that features multiple character sizes, dot-dash lines, point plotting, vector 
drawing and selective erase for quick, easy updating of the graphics display. 

But complete emulation of Tektronix® 4010 Series terminals—and compatibility 
with most existing graphics software, including Tektronix Plot 10™ and ISSCO’s® 
DISSPLA® and TELLAGRAF ® —is just the beginning of the Retro-Graphics™ VT100 
story. Graphics are displayed on a 12” (diagonal) green-toned screen at 640 x 480 
resolution. Refresh raster scan technology insures a bright, easy-to-read display. 

And all of the features that DEC’s VT100 begins with remain intact, including 96 upper/ 
lower case ASCII characters, up to 132 characters per line, numeric and function 
keypads, detachable keyboard and a wide variety of screen customizing features. 

The Retro-Graphics VT100. Whether you are looking for continuity with existing 
DEC products, or for a high-quality graphics terminal at hundreds less than the 

competition, the Retro-Graphics VT100 is 
the right idea. An idea proven on 
thousands of Lear Siegler ADM-3A 
and 3A+ Dumb Terminals® And an 
idea taken another step further, 
once again by Digital Engineering. 
For more information, write or call. 


= DIGITAL 
omens ENGINEERING 


630 Bercut Drive 
Sacramento, CA 95814 
(916) 447-7600 

TWX: 910-367-2009 


Retro-Graphics™ is a trademark of Digital Engineering, Inc 
DumbTermina!® is a registered trademark of Lear Siegler, Inc 
Tektronix® and Plot 10™ are trademarks ofTektronix, Inc 

ISSCO® DISSPLA® and TELLAGRAF® are registered trademarks of 
Integrated Software Systems Corporation 


CIRCLE 178 ON INQUIRY CARD 


PRODUCTS 


FIXED DISC MEMORY 
POWER SUPPLIES 


Intended for Winchester, Shugart, 
Micropolis, and other fixed disc 
memories, power supply line includes 3 
models with 5 outputs (5, 12, 24, — 5, and 
— 12 V) and 4 models with 3 outputs (5, 
24, and —5or —12V). These are said to 
be the only fixed disc memory power 
supplies with an_ international 
transformer as standard equipment. Line 
regulation for a 10% line change is 
+0.02%. For a 50% load change, load 
regulation is +0.02%. Condor, Inc, 4880 
Adohr Ln, Camarillo, CA 93010. 

Circle 259 on Inquiry Card 


1-PIECE CARD CONNECTOR 


Series HPF 1-piece card connectors 
eliminate need for motherboards in mest 
applications. A single body serves for all 
connections, allowing PC cards to con- 
nect to one another directly. Benefits in- 
clude faster signal access time, elimina- 
tion of tolerance buildup between con- 
nectors, 0.25” (6.35-mm) board spacing, 
shock and vibration resistance, positive 
alignment, contact resistance of <5 mQ, 
and continuous performance of <10ns 
at 20 G rms. Smith Industries, Inc, Con- 
nector Div, PO Box 5389, Clearwater, FL 
33518. 
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SONIC DIGITIZERS WITH RS-232 
AND IEEE-488 INTERFACES 


Capable of providing digital coordinates 
for any point on a plane, GP-6-25 (with in- 
tegral RS-232 interface) and GP-6-26 
(IEEE-488) digitizers produce a standard 
parallel 14-bit output. Active areas of the 
models range from 18 x 18” (45.7 x 45.7 
cm) to 60 x 72” (1.52 x 1.83 m). Digitizers 
produce digital values for display, data 
processing, storage, or transmission. 
L-frame sensor borders active work area, 
and sensors can be used with light table, 
rear projection setups, or with opaque 
surfaces. Science Accessories Corp, 970 
Kings Hwy W, Southport, CT 06490. 
Circle 263 on Inquiry Card 


HIGH SPEED 
THERMAL PRINTHEAD 


Designed for alphanumeric applications, 
the KH319 high speed 1 x 7-dot thin film 
thermal printehead is intended for ap- 
plications where continuous bidirec- 
tional printhead movement is required. 
At 10 char/in, (3.9/cm) print speeds of up 
to 120 char/s can be attained. The head is 
designed for low wear; a secondary 


glazed area positioned parallel to the 
heat elements ensures flat travel. Head 
alone and head mounted on a heat sink 
are 2 of the versions available. R.ohm 
Corp, PO Box 19515, Irvine, CA 92713. 
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Two Track Moving Head 


D100 


A family 
fixed eo he ed 


disk drives. 
10 to 120 Mb. 


of compact, 


D160: = : 


Featured On New DEI 
Streaming Cartridge Drives. 


The heart of Data Electronics’ new 10 and 20 MByte streaming 
cartridge tape drives is a unique 2-track head. The new head is bi- 
directional and uses a simple digital positioner on the 20 MByte drive 
to provide 4-track operation. Because of the overall simplicity of 
these drives, OEM prices start at about 1/3rd the cost of the 
Winchester drives they are designed to backup. A further benefit of 
the drives’ design is small size; they fit in the same space as floppy 
drives. Designers can easily upgrade a EEE BB 10150 Sorrento Valley Road 
floppy-based system to 10 or 20 MByte 9 | fabled 
capacity using a Winchester/Streaming @ S74 Hl Telex 6o-7118 

cartridge tape drive combination. 


Data Electronics Inc. 
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Unibus repeater 
for PDP11 
Series systems. 


Do you need to 
add peripherals 
or additional 
cable lengths to 
an overloaded 
bus? Do you 
have unknown 
system crashes 
such as caused 
by a type 4 

trap — delayed 
response from a slave sync? Is your current 
repeater too slow for your current system? 


If these questions are relevant, then Datafusion Corporation has a 
device that can answer your needs, the OSB11-A Bus Repeater. It is 
a functional equivalent of DEC’s* DB11-A, and is designed to drive 
at least 19 bus loads and 50 foot of bus cables. 

Ultra Fast: 80 nanoseconds MSYNC to return SSYNC maximum 
(40 nsec one way). This is due, primarily, to the specially designed 
patented integrated circuit employed by the OSB11-A. 

Reliable: Only 34 operational circuit components. Tested 
in environments from 0° to 70°C with virtually no degradation of 
signal quality. 

Easy to Install: Remove a M920 Jumper and replace it with a 
OSB11-A. No extra system unit is needed; no wires or plugs to con- 
nect (or disconnect); no lost time in reconfiguration. 

Available: Off-the-shelf. And, it’s fully supported and warranted. 

Cost: About 25% below DEC* Quantity discounts are available. 

Other PDP11 products available are a Busrouter (a Unibus* 
Switch) to reconnect multiple peripherals to one or more PDP11 
cpu's, a Unibus* Cable Tester, and an Associative File Processor for 
high speed text search —a hardware approach. 

We also have some ideas for the application of our products which 
might not have occurred to you. If you can't get the performance that 
you would like from your PDP11 system, maybe we can 
help. Telephone our marketing Manager at (213) 
887-9523 or write to Datafusion Corporation, 
5115 Douglas Fir Road, Calabasas, California 
91302. 


*TRADEMARK OF DIGITAL EQUIPMENT CORPORATION 
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PRODUCTS 


80-COL MINIATURE 
ALPHANUMERIC PRINTERS 


EUY-5E and -5T print 32, 40, 64, or 80 
char/line on electrosensitive or thermally 
sensitive paper at 2 and 0.8 lines/s, 
respectively. Characters are 2.7 mm 
high, formed by a 7 x 5 dot matrix. 
Measuring 195 mm wide, 65 mm high, 
and 70 mm deep, both units print on 
127-mm wide paper with expected life of 
1 x 10° lines. Long life and small size 
make the 5” (12.7-cm) printers suitable 
for applications requiring inexpensive 
hard copy. Units come without a case, 
ready to be mounted into user’s equip- 
ment and connected through ribbon 
cables and PC connectors. The elec- 
trosensitive model requires two 
+ 24-Vdc sources at 100 mA each anda 
5-Vde supply at 30 mA. The thermal unit 
needs one +24-Vdc supply at 100 mA, 
one + 24-Vdc source at 1 A, and 5-Vdc at 
30 mA. Panasonic Co, Electronic Com- 
ponents Div, One Panasonic Way, 
Secaucus, NJ 07094. 
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8” SEALED DISC MEMORY 


Cheyenne series fixed media.sealed disc 
systems have available capacities from 
7.35M (1 disc) to 51.4M (4 discs) bytes 
with density of 6409 bits/in (2523 
bits/cm), recording 478 tracks on 7.874” 
(20-cm) dia discs; 8.268” (21-cm) discs 
can also be used. Electronics package 
allows daisy chaining up to 8 drives with 
microbus, SMD, or ANSI interfaces. 
P/ROM control provides write compensa- 


' tion, servo functions, and interface con- 


trol, with microprocessor control for 
self-diagnostics and status reports. SLI 
Industries, 21040 Victory Blvd, 
Woodland Hills, CA 91367. 
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PRODUCTS 


FLOPPY DISC LOADER 


Eliminating operator intervention, the 
Media Loader is software driven and has 
a stacking capacity of up to 50 5.25” 
(13.3-cm) or 8” (20-cm) single- or double- 
sided floppy discs. The automatic floppy 
disc loader is designed for data certifica- 
tion, initialization, batch terminal data 
storage, error logging, and program 
spooling from tape or disc. A loader is 
capable of processing 80 floppy 
discs/hour. Discs are automatically fed 
through an input hopper and accepted or 
rejected. Media Systems Technology, 
Inc, 1616 S Lyon, Santa Ana, CA 92705. 
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UNIVERSAL NMOS 
EPROM PROGRAMMER 


MOS Pak, with a System 19 programmer, 
will program all 2704, 2708, 2758, 2716, 
1732, 2732A, 2532, 2564, 2764, 68764, and 
4716 EPROMs, as well as the Hitachi 
48016 EEPROM. The unit makes the 
System 19 a universal NMOS program- 
mer without changes in hardware. Key- 
ing in a 4-digit code customizes the pro- 
grammer, which assembles the correct 
programming algorithm and lights the 
LED for its appropriate 24- or 28-pin 
socket. The algorithm saves program- 
ming time for 64k or larger EPROMs. An 
8k x 8 unit can be programmed in 2 min. 
Data 1/0, PO Box 308, 1297 NW Mall, 
Issaquah, WA 98027. 
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10 AND 19” CARD CAGES 


Designated the CCK Vector-Pak™ “s” 
series, 4 card cages are available in 5.25 
x 9” (13.33 x 22.85-cm) or 10 x 19” (25.4 x 
48.26-cm) configurations. Slotted side 
walls and brackets permit cross 
members to be adjusted both laterally 
and vertically to accommodate card 
sizes from 3.0 to 4.5” (7.62 to 11.43 cm) 
wide and 4.5 to 6.5” (7.62 to 16.51 cm) 
long. UL rated nylon snap-in card guides 
are included. Ruled scales on both con- 
nector mounting struts allow fast, ac- 


curate connector positioning. Vector. 


Electronic Co, Inc, 12460 Gladstone Ave, 
Sylmar, CA 91342. 
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The Associative 
File Processor. 
AFP 


A Special 
Purpose 


Hardware CHES 
System for 

Retrieving 

Textual H 
Information. ~ 


Full Text Retrieval. Finds relevant information in large free 
text files (typically 300 million characters or more) that 
match queries. 

Unrestricted Queries. Unrestricted query vocabulary 
with boolean AND, OR, NOT and proximity key word logic. 
Simple Configuration. AFP® runs on a PDP11 host mini- 
computer and includes all necessary user software. 

Real Time Data Input. New data may be input and searched 
as it is received, if necessary. 

Special Associative Hardware. The processing power is 
made possible by the special AXP® hardware effectively 
having the capability of 1200 cpu's. 

Affordable. Now you can afford full text retrieval costing 
only a few pennies per search. 

Available in Three Configurations. The AXP100 attaches 
to an existing PDP11 computer; the AXP200 is self contained 
with a communication interface to a network or another host 
computer; the AXP300 is a turn key system including CRT 
terminals and a line printer. 


Application Areas Include: 


Military and Intelligence Technical Report Retrieval 

Law Enforcement Generic Record Keeping 

Library Search Current Awareness Bulletin 

Word Processing Support Laboratory Testing and Retrieval 
Abstract Search Journal Abstracting and Control 
Title and Property Search Pharmaceutical Literature Retrieval 
Trial Transcripts Product Bibliographies 

Patent Search Chemical Compound Retrieval 
Litigation Support Historical Records and Archives 


Call (213) 887-9523 or write for a detailed brochure. 


Datafusion Corporation 


5115 Douglas Fir Road, Calabasas, California 91302 
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RS232C 
Paper Tape 
Transmitter 


Computer entry, numerical 
control and data trans- 

mission. Includes X-on, 

X-off and parallel output, 
current loop optional. | 
Desk top or rack mount. 
OEM model and spooler | 
also available. 


ADDMASTER 


CORPORATION 


416 Junipero Serra Drive 
San Gabriel, California 91776 
(213) 285-1121 
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Sprint 68 
Microcomputer 


CONTROL COMPUTER 
DEVELOPMENT SYSTEM 

6800 MPU, serial I/O, 48K RAM, 
dual 8” drives, WIZRD multi- 
tasking DOS, editor, assem- 
bler, 12K BASIC, all for $3995. 


OPTIONS 

C, PL/W, PASCAL, FORTRAN, 
EROM programmer, analog 
1/O, parallel 1/O, 488 GPIB 
interface, CMOS RAM/battery, 
power fail detect/power on 
reset. 


Wintek Corp. 
Lafayette, IN 47904 
347-742-8428 
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LITERATURE 


Bit and Sleeve Selector 


Pocket-size device provides users of Wire- 
Wrap tools with readout of bit and sleeve 
part numbers, max terminal diagonal, ef- 
fective radius, and max insulation. 
Gardner-Denver, Pneutronics Div, 
Grand Haven, Mich. 
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Loop Modems 


Use of series 12 LMS and 24 LMS in IBM 3600 
finance communications systems is detailed 
in brochure that also describes function of 
loop modems in network management con- 
trol systems. Racal-Milgo, Inc, Miami, 
Fla. 
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Handheld Logic Probes 


Brochure furnishes descriptions, photos, 
and technical specs for 700 series and LP-450 
logic probes as well as HL-480 universal 
pulser, which can be used with any probe. 
Kurz-Kasch, Inc, Dayton, Ohio. 

Circle 302 on Inquiry Card 


Matrix Boards and Applications 


Boards in 3 different sizes and those with 
l- and 2-layer and multideck construction 
are detailed along with programming pins 
in brochure. Programming Devices 
Div, Sealectro Corp, Mamaroneck, NY. 
Circle 303 on Inquiry Card 


Data Communications Systems 


Illustrated booklet describes applications 
in manufacturing, chemicals, international 
affairs, drugs, food distribution, law en- 
forcement, and securities. Data General 
Corp, Westboro, Mass. 
Circle 304 on Inquiry Card 


Power Semiconductor Devices 


Specs and drawings are supplied by catalog 
describing ion implanted semiconductors, 
high voltage transistors and rectifiers, ultra 
fast recovery rectifiers, power hybrids, and 
bridge assemblies. Solid State Devices, 
Inc, La Mirada, Calif. 

Circle 305 on Inquiry Card 


Pen Plotting Media 


Users’ guide/catalog describes 11 different 
plotting media, includes compatibility data 
and cross-reference, and discusses solu- 
tions to problems and economical usage. 
Request on company letterhead from 
Catalog, Graphic Resources Corp, 5442 
Research Dr, Huntington Beach, CA 
92549. 


Printed Circuit Connectors 


Dimensional drawings, specs, and photos 
are included in catalog describing dip- 
solder, wirewrap, round-tail, and 2-piece 
connectors, connector blocks, and AnTac® 
selective gold plating process. Viking 
Connectors, Inc, Chatsworth, Calif. 
Circle 306 on Inquiry Card 


Touch Screen Digitizers 


Given in illustrated brochure are features, 
applications, functional descriptions, and 
specs for 12- and 15-in models 12A/15A and 
retrofit kits 12B/15B. TSD Display Pro- 
ducts, Inc, Bohemia, NY. 

Circle 307 on Inquiry Card 


Pushbutton, Key, Rotary, and 
Slide Switches 


Photos, drawings, mechanical and elec- 
trical data, option guide glossary of terms, 
and suggested cleaning procedures are 
presented in catalog. ITT Schadow Inc, 
Eden Prairie, Minn. 

Circle 308 on Inquiry Card 


LEDs 


Illustrated catalog provides selector guide, 
applications section, and mechanical data 
for 2-pin midget flanged, 2-color, discrete, 
PCB, and telephone slide-base models. Data 
Display Products, Inglewood, Calif. 
Circle 309 on Inquiry Card 


Printers and Paper Tape Readers 


Catalog details numeric/limited alpha 
printers for data logging and readers of 
tape prepared to ANSI standards for com- 
puter entry, numerical control, data 
transmission, and P/ROM programmers. 
Addmaster Corp, San Gabriel, Calif. 
Circle 310 on Inquiry Card 


COMPUTER DESIGN/NOVEMBER 1980 


THERE IS 
ONLY ONE: 
o2-BIT 
COMPUTER 
WHOSE 
LOGIC 
DOESN'T 
DEFY LOGIC. 


PRESENTING THE DATA 
GENERAL ECLIPSE MV/8000. 


Apparently, our competitors are oper- 
ating under the premise that there 1s no 
need to make their new computers compat- 
ible with their older ones. And have no 
qualms about rendering obsolete the years 
of man-hours and the hundreds of thou- 
sands of dollars you ve invested in software. 


At Data General, we believe this 
kind of logic defies logic. Which is why we 
designed our 32-bit MV/8000 to protect 


In fact, its 36.4 MB/sec memory 
bandwidth is at least two to four times fast- 
er than its nearest competitor. 

It's also more reliable, much easier to 
maintain, quicker to get operational 
(it not only offers the widest range of soft- 
ware, but the widest range of languages’) 
and offers sophisticated security features, 
word processing, communications capabil- 
ities and data base management. A\ll supe- 
rior to its nearest competitor. 

And while these features alone make 
the MV/8000 a most attractive invest- 
ment, theres something else. It also costs less 
than its nearest competitor. 


raises the question, why = —_—_o 
go to the nearest competitor? 

If the logic of purchasing any other 
32-bit computer escapes you as much as it 


your software investment. 


escapes us, just fill out the 


HNid vo) (Daa Ceneral Corporation | 

Not destroy it, | encom 

Fowever, the MV/ | arene een eye mms th Data Cone 
et ai e Ai Fe few nie fahlhial cami 

ity Is only part OF WNat | Name 
places it in a class by itself. | tiv. : 
Another factor is speed. | Compan Te 
It's the fastest computer of | 4 
On State “ee 


its size on the market. 


*Fortran 77, Cobol, Basic, PL/! and RPG II 


CIRCLE 183 ON INQUIRY CARD 


' coupon and well be 
_ happy to fill you in on the 
| one computer that eclipses 


| | them all. 


The remar kable new 


_ | Data General Fchipse 


»MV/8000. 


=} @y Data General 


MULTIBUS 
CORE MEMORIES 


*“NON-VOLATILE “*WRITE-PROTECT *POWER-FAIL INTERRUPT 


MM-8086/ 16 


* Single Card Slot 16K Bytes of Read/Write Memory 
Compatible with 8 and 16 Bit Processors 

* Non-Volatile — Requires no Back-up Battery 

* AC/DC Power Monitoring for Data Protection 

* Write-Protect Control in 4K Bytes Increments 


* 


MM-8086 


MM-8080B 


A 


32K BYTES 16K EROM & 8K CORE 


AEs 2Oe0s 18 MODEL PRICE 
MM-8086/16 $875.00 
MM-8086 $1275.00 
MM-8080B $790.00 
MM-8080/16 $849.00 


16K BYTES 
Temperature Cycled and Burned-in During Memory Diagnostic 


ONE YEAR WARRANTY ON PARTS AND LABOR 


Mas... 
i emory 
9436 Irondale Ave. 
nec Chatsworth, California 91311 


Telephone: (213) 998-0070 


*Multibus is a trademark of the Intel Corp. 
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LITERATURE 


17M-Byte High Density 
Digital Cartridge Tape Drive 


Data sheet provides photo, general descrip- 
tion, options available, and complete specs 
for ‘“‘The Funnel.’’ Data Electronics, 
Inc, San Diego, Calif. 

Circle 311 on Inquiry Card 


Power Sources 


Dimensional drawings, specs, and selection 
guide are provided in catalog along with 
specific application for each power source 
and general applications for all ac-de and 
de-de supplies. Reliability, Inc, Houston, 
Tex. 

Circle 312 on Inquiry Card 


Ac Line Voltage Regulators 


Graphs, photos, specs, dimensional draw- 
ings, and selection guide for portable and 
handwired micro/minicomputer regulators 
and constant voltage transformers are 
found in catalog. Sola Electric, Elk Grove 
Village, Il. 

Circle 313 on Inquiry Card 


Production Monitoring System 


Brochure discusses Loginet system 
employed in discrete part manufacturing 
control, depicts configuration of standard 
modules, and explains function of each. 
Logicon, Process Systems Div, Fair- 
fax, Va. 

Circle 314 on Inquiry Card 


Readout Enhancement 


Technical bulletin with graphs and photos 
supplies features, description, and specs 
for Chromafilter® sheet materials for im- 
proving readability of optoelectronic and 
video displays. Panelgraphic Corp, West 
Caldwell, NJ. 

Circle 315 on Inquiry Card 


Modems, Multiplexers, and 
Network Processors 


Set of data sheets presents photos, features, 
and specs for M900 Intertran® data sets, 
M1308 and M1318 Multitran® multiplexers, 
M3201 network processors, M3212 network ac- 
cess concentrators, and XPRT'™ x95 tester. 
Tran Telecommunications Corp, 
Marina del Rey, Calif. 

Circle 316 on Inquiry Card 
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Ya 


slip and two station 


FOR SPECIAL APPLICATIONS 

High speed, low cost, compact, alphanumeric, dot 
matrix printers. Uncomplicated, long working life, 
easily serviced. 


Model MR-1824. Two station. Left station provides 

selective print to 18 characters, independent paper Model MA-1628 
feed, auto paper take-up, slip insertion/validation Bi-directional or uni-directional print 
plus desirable options. Right station provides capability. Speed: 1.4 lines per 
selective print to 24 characters, independent paper 8°00"? 

feed, tear off blade and optional logo print. Both 
stations provide last line visibility. 


Model MS-4000. Accommodates various size slips 
or forms. Cam-operated, geared friction paper 
feed. Provided with optional sensor for each top 
and bottom slip position. Adjustable slip stop for 
table extension, optional. 


Both models available in basic mechanism only or 
with cables, covers and driver electronics. 


Model MS-4000 
Slip Printer 

Slip insertion from left side or front 
40 columns (12 cpi) at 2 lines per 
second. Optional bi-directional 
capability 


[A WESTREX OEM PRODUCTS 


1140 Bloomfield Avenue, West Caldwell, N.J. 07006 (201) 227-7290 


IN FRANCE — WESTREX OEM PRODUCTS, 103-107 Rue de Tocqueville, 75017, Paris, France 
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Get more reliability with 
less effort with new double 
treat foil from Gould. 


TC/TC™ double treated copper foil is used in the 
manufacturing of the copper clad inner layers of high 
density multilayer printed circuit boards. TC/TC double 
treated foil eliminates the need for the oxide treatments 
currently in use. The foil is uniformly treated on both 
drum and matte sides with a TC treatment to enhance 
the bonding strength. That saves additional manufacturing 
steps, expenditures and pollution control costs. 

Add an extra dimension of reliability to the circuit 
boards you design. Specify TC/TC double treated 
copper foil from Gould 

For more information, write 
Mr. Frank Zust, U. S. Marketing = G O U iD 
Manager, Gould Inc., Foil 
Division, 17000 St. Clair Ave., 
Cleveland, Ohio 44110. 


An Electrical/Electronics Company 
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CD SALES OFFICES 


HOME OFFICE 


V.P., MARKETING 
Ronald W. Evans 
11 Goldsmith St. 
Littleton, MA 01640 
(617) 486-8944 


NEW ENGLAND AND 
UPSTATE NEW YORK 


CALDWELL ENTER- 
PRISES, INC. 

Lindsay H. Caldwell 
129 Cedar Hill Rd. 
East Dennis, MA 02641 
(617) 385-2533 


LONG ISLAND AND 
MIDDLE ATLANTIC 
STATES 


CALDWELL ENTER- 
PRISES, INC. 

Richard V. Busch 

6 Douglass Dr., R.D. #4 
Princeton, N.J. 08540 
(201) 329-2424 


SOUTHEASTERN 
STATES 


COLLINSON, HOLMES & 
ASSOC., INC. 

Newton B. Collinson, III 
Bradley D. Holmes 

4315 Cowan Rd. 

Tucker, GA 30084 

(404) 939-8391 

(800) 241-9461 


MIDWESTERN 
STATES 


Berry Conner, Jr. 
88 West Schiller St. 
Suite 2208 
Chicago, IL 60610 
(312) 266-0008 


WESTERN STATES 
AND TEXAS 


BUCKLEY/BORIS 
ASSOC., INC. 

Terry Buckley 

Tom Boris 

Rich Molden 

22136 Clarendon St. 
Woodland Hills, CA 91367 
(213) 999-5721 

(714) 957-2552 
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Intelligent Graphics 
from the smart one 
that... 


RECORDS GRAPHICS —- 
FROM AN ANALOG ANE OR 
DIGITAL SOURCE, 


Analog Digital 


SPIKEZA 
SPIKE2A 


ANNOTATES-— 
DURING OR AFTER 
PLOTTING 
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HHS ONE OR THO 
PENS BOTH ANNOTATED 


PEAK4eT 


PEAKSET 


PRINTS CUOLUPRN DATA 


SPIKE4A 


SURMARY TABLE PRINTED HERE. 
PEAK 1A 1.@5 X FULLSCALE 
PEAK 18 49 X% FULLSCALE 


CuAST ST RCN PRINTED Us 


PEAK 6A 142 % FULLSCALE 
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The intelligent one is ideal for microprocessor con- 
trolled instrument systems such as—chromatographs, 
spectrophotometers, densitometers and polargraphs. 


The TISPP is a new generation of recorder designed to meet 
your more sophisticated recording needs. IEEE and RS-232-C 
compatible, under microprocessor control, the TISPP records 
from either an analog or digital source, functioning as either a 
strip chart recorder or a digital plotter. And it annotates the 
data, printing either during or after curve data input. Thermal 
plotting speed compensation provides uniform trace quality 
while plotting up to 75 cm (30 in) per second. Print speed 25 
characters per second, full scale analog sensitivity from 10MV 


to 5V full scale, 12 bit binary full scale digital, chart speeds ho u ston i n st rm ent 


from one second per cm to 62 minutes per cm. 


The TISPP is the Intelligent one that will satisfy most of your G RAPHI| tee DIVI SION O C 


recorder/printer requirements. 
For complete information and descriptive literature contact B AUSCH & LOM B 
Houston Instrument, One Houston Square, Austin, Texas 78753. 
(512) 837-2820. For rush literature requests outside Texas call toll 
free 1-800-531-5205. For technical information ask for operator #2. Circle 186 for literature. 


In Europe contact Houston Instrument, Rochesterlaan 6, 8240 Circle 187 to have a representative call. 
Gistel, Belgium. Phone 059/27-74-45. Telex Bausch 81399. Visit us at SEG, booth 520. 


Ask Ramtek. 


(Nobody knows more about Colorgraphics.) 


How can a graphics display system save 
software development time? 


By giving you everything you need to start applications Need high resolution or fast response? The 9400 offers a 
programming. wide range of resolutions up to 1280 X 1024 picture elements 

The Ramtek 9400 puts you in the picture fast. We've in full color. System throughput of over 16,000 vectors per 
already solved your graphics problems in the 9400 so you can second permits multi-channel operation without sacrificing 
get your application on line without waiting for—or spending response time. The bright TV-like picture makes it easy to use 
money on—needless systems software development. in normal ascii heniting. . 

The 9400 puts you in total control. Monitor the situation For more information on the 9400 and Ramtek monitors 
in real time. Reduce an extremely large or complex picture and accessories, write: Ramtek, 2211 Lawson Lane, Santa 
for a quick look or enlarge portions of it for a closer one Clara, CA 95050. Or call your nearest Ramtek office. 


without distorting line thickness, texture or character size. 
At the same time, the 9400 automatically displays the appro- 
priate detail so the picture is always clearly understood. 


Need to interact with the picture? Our exclusive entity 


How much can graphics do? Ask Ramtek | 
To find out more about the power of full a 
color interactive graphics, request the booklet Sophisticated 


ae 

; : : é ; “Sophisticated Graphicsfor Control Systems:’ | 
detection feature lets you identify objects that are pointed out It's Issue Number 3 of Ramteks | Php we 
on the screen. Whether a single line or a complex object, let “USE OUR EXPERIENCE” Series. ay 


the 9400 find and identify them to the host computer. 


Ramtek 


Our Experience Shows. 


REGIONAL OFFICES: Santa Clara, CA (408) 988-2211, Newport Beach, CA (714) 979-5351, Seattle, WA (206) 838-5196, Albuquerque, NM 
(505) 884-3557, Dallas, TX (214) 422-2200, Maitland, FL (305) 645-0780, Huntsville, AL (205) 837-7000, Chicago, IL (312) 397-2279, Cleveland, 
OH (216) 464-4053, Washington, DC (301) 656-0350, Metropolitan NY (201) 238-2090, Boston, MA (617) 273-4590, The Netherlands 31 2968 5056. 


CIRCLE 188 ON INQUIRY CARD 


